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The p y r r o le s  are becoming an I n c r e a s in g l y  im p ortan t c l a s s  
o f  compounds, l a r g e l y  b ecause o f  t h e  p o t e n t i a l  u s e s  o f  p o ly p y r r o le s  
a s  new m a t e r ia l s  w ith  n o v e l  e l e c t r i c a l  and o p t i c a l  p r o p e r t i e s .  For 
work i n  t h i s  area  to  be s u c c e s s f u l ,  a b e t t e r  u n d ers ta n d in g  o f  th e  
f a c t o r s  which a f f e c t  t h e i r  ch em ica l  r e a c t i v i t y  i s  r e q u ir e d .  I t  i s  
f o r  t h e s e  r e a s o n s  th a t  th e  c u r r e n t  s t u d y ’ was undertaken .
The t h e s i s  i s  d iv id e d  i n t o  two c h a p te r s
Chapter One g i v e s  an i n t r o d u c t io n  t o  p y r r o le  ch em is try ,  
and o u t l i n e s  some o f  th e  work t h a t  h as  been c a r r i e d  ou t in  th e  
a r e a s  o f  p rep a ra t io n ,  p r o to n a t io n  and hydrogen i s o t o p e  exchange.
Chapter Two d e s c r ib e s  th e  p r e p a r a t io n ,  l a b e l l i n g  and 
su b se q u en t  d e t r i t i a t i o n  o f  a number o f  s e l e c t e d  a l k y l -  and a r y l -  
p y r r o le s ,  some o f  which have been prepared  f o r  th e  f i r s t  t im e .
The r e s u l t s  show p y r r o le s  t o  be amongst th e  most r e a c t i v e  o f  
a ro m a tic  compounds towards a c id  c a t a l y s e d  hydrogen i s o t o p e  exchange.  
R a tes  o f  d e t r i t i a t i o n  were found t o  c o r r e l a t e  in  a l o g i c a l  manner 
w ith  th e  e l e c t r o n i c  p r o p e r t ie s  o f  s u b s t i t u e n t  groups.
SUMMARY
C h a p te r  One
P y r r o le  Chemistry :
P r e p a r a t io n ,  P ro to n a t io n  and Hydrogen I so to p e  Exchange S t u d i e s
1834, who n o ted  t h a t  a component o f  c o a l  t a r  and bone o i l  caused
a red  c o l o u r a t i o n  when i t  was added t o  p in e  s p l i n t e r s  m oistened
■
w ith  m in era l  a c id ,  The name p y r r o le ,  meaning red  o i l ,  was g iv e n  t o
th e  compound and i t  was f i r s t  i s o l a t e d  and a n a ly s e d  by Anderson2
in  1857 from a d i s t i l l a t i o n  o f  hone o i l ;  Baeyer and Bmmerling3 
p roposed  th e  s t r u c t u r a l  form ula (1) in  1870.
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1 .1  I n t r o d u c t i o n
The e x is te n c e  o f  p y r r o le  was f i r s t  d e te c t e d  b y  R u n g e 1 i n
I t  was found t h a t  sm all  amounts o f  p y r r o le s  co u ld  be
o b ta in e d  from th e  dry d i s t i l l a t i o n  o f  p r o t e in s  in  g e n e r a l .  The 
p y r r o le  r in g  i s  produced by p y r o l y s i s  o f  g lu ta m ic  a c id  r e s i d u e s  :
HsC CH* HaC—  CH*
I  \  I  \
OC CHCOOH + OCv CHCQOH 
| | -KaO N'^’*
OH Ms H
The s a tu r a te d  p y r r o l i d in e  r in g  i s  a l s o  p r e s e n t  i n  p r o t e in s
a s  p r o l i n e  and 4 -h y d r o x y p r o l ln e  r e s id u e s .  I t  was a s i g n i f i c a n t
f i n d i n g  t h a t  th e  p y r r o le s  were e x t r a c t e d  from n e u tr a l  f r a c t i o n s  o f
th e  d i s t i l l a t e .
Ca(OH)*
-CO,-2, -HsO o
P y r r o le  i s  a p la n a r ,  f ive-m em bered a ro m a tic  h e t e r o c y c le .  
The r in g  p o s i t i o n s  a re  numbered a s  shown in  <2) :
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4 3
5 oNr
H
1
2
(2)
The 2 -  and 5 -  p o s i t i o n s  a re  commonly r e f e r r e d  t o  a s  th e  
ex -p o s i t io n s  and th e  3 -  and 4 -  a s  th e  f i - p o s i t i o n s .
The im portance o f  p y r r o le s  was soon r e a l i s e d .  In a d d i t io n
to  t h e i r  o ccu rren ce  in  c o a l  and bone o i l ,  p y r r o le  d e r i v a t i v e s  were
found t o  occur w id e ly  throughout n a tu re .  The p y r r o le  r in g  was 
found in  b i l e  p igm en ts  and many a l k a l o i d s .  The c l o s e l y  r e l a t e d
system  in d o le ,  i e .  b en zo p y rro le ,  was found in  in d ig o  and a s  th e  
amino a c id  tryptoph an . Four p y r r o le  r i n g s  l in k e d  by fo u r  =CH-
u n i t s  form th e  b a s i s  o f  th e  porphyrin  sy stem  found i n  heme, 
c h l o r o p h y l l - a  and cytochrom es. Many p y r r o le  d e r i v a t i v e s  were found  
to  e x h i b i t  b i o l o g i c a l  a c t i v i t y .
y e t  p r o g r e s s  was somewhat s low , presumably due t o  t h e  d i f f i c u l t i e s
o f  i s o l a t i n g  and h a n d lin g  p y r r o le  d e r i v a t i v e s .  A l l  p y r r o l e s  are
s u s c e p t i b l e  t o  a e r i a l  o x id a t io n ,  but th o s e  b ea r in g  e l e c t r o n - r e l e a s i n g
s u b s t i t u e n t s  such a s  a lk y l  groups can be very  u n s t a b le  ind eed . The 
p rod u cts  o f  o x id a t io n  are  n ot f u l l y  c h a r a c t e r is e d .  I n v a r ia b ly  th e  
o x id a t io n  i s  accompanied by o th e r  p r o c e s s e s  and a s  a r e s u l t  a 
complex m ixture o f  p ro d u c ts  I s  produced.
These f i n d i n g s  aroused  g r e a t  i n t e r e s t  in  p y r r o le  ch em is try
U n su b s t itu te d  p y r r o le  i s  v er y  r e a d i l y  p o ly m er ised .  In th e  
p r e s e n c e  o f  a c id ,  th e  p y r r o le  r i n g  can behave l i k e  a co n ju g a ted
d ie n e  and dim ers and t r im e r s  a re  known t o  be formed4 , A s s o c ia t io n  
o f  t h i s  ty p e  i s  t o  a la r g e  e x t e n t  r e v e r s i b l e ,  but when i t  i s  
c o u p led  w ith  o x id a t io n  i t  becomes i r r e v e r s i b l e  and r e s u l t s  in  th e
r a p id  d ecom posit ion  o f  th e  p y r r o le .  P o ly m e r i s a t io n  i s  a l s o  i n i t i a t e d  
by l i g h t ,  th u s  th e  d eco m p o s it io n  p r o c e s s  i s  l i k e l y  t o  occur by 
s e v e r a l  pathways s im u lt a n e o u s ly .
Exposure o f  p y r r o le  t o  a i r  and l i g h t  r e s u l t s  i n  th e  
fo r m a tio n  o f  a p o lym eric  r e s id u e  known a s  " p y r r o le  b lack" . When 
t h i s  m a te r ia l  i s  t r e a t e d  w ith  p o ta ss iu m  perm anganate, th e  p y r r o le  
l in k a g e s  are  o x id i s e d  t o  c a r b o x y l i c  a c id  f u n c t i o n a l i t i e s ,  and from
a n a l y s i s  o f  th e  p ro d u c ts ,  i t  has been  shown t h a t  p y r r o le  b la ck  i s  
l a r g e l y  composed o f  p y r r o le  r i n g s  l in k e d  a t  th e  c x -p o s i t io n s .
A c co rd in g ly ,  p y r r o le s  s u b s t i t u t e d  a t  th e  a - p o s i t i o n s ,  eg .  2 ,5 -d im e th y l
- p y r r o l e s  a re  c o n s id e r a b ly  l e s s  s u s c e p t i b l e  t o  a c id  c a t a ly s e d  
p o ly m e r is a t io n .
Evidence o f  th e  a ro m a tic  n a tu re  o f  p y r r o le  i s  t h a t  i t
u nd ergoes  s u b s t i t u t i o n  r a th e r  than a d d i t i o n  w ith  e l e c t r o p h i l i c
r e a g e n t s ,  th e  heat o f  com bustion  i s  c o n s id e r a b ly  l e s s  than  th a t  
c a l c u l a t e d  fo r  a d ie n e  s t r u c t u r e  and th e  C-N bond le n g th  i s
1 .3 8  A compared t o  1 .4 7  A f o r  a C-N s i n g l e  bond . 5
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P y r r o le  e x h i b i t s  v ery  low n i t r o g e n  b a s i c i t y ;  i t  d oes  not  
form s t a b l e  s a l t s  or r e a c t  d i r e c t l y  w ith  a lk y l  h a l i d e s  t o  form  
quaternary  d e r i v a t i v e s .  In order t o  a t t a i n  th e  s i x  x - e l e c t r o n s  
re q u ired  f o r  a r o m a t ic ! t y ,  th e  n i t r o g e n  atom o f p y r r o le  c o n t r ib u t e s
I
two e l e c t r o n s  t o  add t o  th e  fo u r  x - e l e c t r o n s  c o n tr ib u t e d  by th e  
fo u r  carbons.  As s i x  ^ - e l e c t r o n s  are  d e l o c a l i s e d  over  f i v e  atoms,  
p y r r o le  i s  a x - e x c e s s i v e  h e t e r o c y c le .  As a r e s u l t  i t  i s  v ery  
s u s c e p t i b l e  t o  a t t a c k  by e l e c t r o p h i l e s .
N i t r a t i o n  o c c u r s  r e a d i l y  a t  5 #C u s in g  a m ixture o f  
n i t r i c  a c id  and a c e t i c  anhydride, g i v i n g  predom inantly  th e  2- n i t r o -  
d e r i v a t i v e . C o o k s e y  e t  a l .®  found th e  amount o f  f i- lsom er formed  
under t h e s e  c o n d i t i o n s  t o  be o n ly  around 7%, but o b ta in e d  s l i g h t l y  
g r e a te r  amounts when th e  n i t r a t i o n  was c a r r ie d  out in  d i f f e r e n t  
s o l v e n t s .
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S im i la r ly ,  tr ea tm e n t  w ith  S03 and p y r id in e  l e a d s  t o  a 
h igh  y i e l d  o f  2- p y r r o l e s u l f o n i c  a c i d 10 :
P y r r o le  a l s o  undergoes V ilsm eyer-H aack  fo r m y la t io n  with. 
dlmethylformand.de (DMF) and phosphorus o x y c h lo r ld e .  In t h i s  c a s e ,  
th e  predominance o f  th e  2 - iso m e r  i s  even  g r e a t e r ,  over 99%.1 1 - 1 3
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DMF /  POCls
E l e c t r o p h i l i c  s u b s t i t u t i o n  a l s o  o c c u r s  w ith  h a lo g en s .  When 
an e x c e s s  o f  th e  h a logen  i s  u sed ,  a l l  th e  a v a i l a b l e  r in g  p ro ton s  
can be s u b s t i t u t e d  :
1:2 /  KHCOs
Doak and Corwin14 c a r r i e d  out k i n e t i c  ex p er im en ts  on th e  
i o d i n a t i o n  o f  p y rro le  d e r i v a t i v e s .  The r a t e s  o f  s u b s t i t u t i o n  a t  th e  
u n s u b s t i t u t e d  p o s i t i o n s  o f  (3) and (4) were s t u d ie d ,  w ith  R as  
both  -H and -Me.
<3) (4>
Exchange was found t o  be much f a s t e r  a t  th e  a - p o s i t i o n
o f  (3) than a t  th e  f i - p o s i t i o n  o f  <4>. The a d d i t io n  o f  an N-methyl 
group produced a modest i n c r e a s e  i n  th e  r a t e  o f  s u b s t i t u t i o n  o f  
b oth  compounds.
I
De Rosa and Marquez15 have r e c e n t l y  s t u d ie d  th e  a c i d -  
c a t a ly s e d  c h l o r i n a t i o n  o f  1 -m e th y lp y r r o le  w ith  N -chlorobenzam ide and 
c la im ed  to  have observed  th e  f i r s t  example o f  r a t e  d eterm in in g
p ro to n  t r a n s f e r  during e l e c t r o p h i l i c  s u b s t i t u t i o n  o f  p y r r o le s .  They
found a primary k i n e t i c  i s o t o p e  e f f e c t  (kH/k n ) o f  5 .1 9  ± 0 .1 9  fo r  
th e  d ep ro to n a t io n  o f  th e  o'-complex, <5>.
Me
<5)
An im p l ic a t io n  o f  t h i s  f i n d i n g  i s  t h a t  h a lo g e n a t lo n  o f  
p y r r o le s  sh ou ld  be r e v e r s i b l e .  T h is  may accoun t f o r  e a r l i e r  
o b s e r v a t io n s  o f  th e  i n s t a b i l i t y  o f  2 - c h l o r o p y r r o l e 1s  and 2-bromo- 
p y r r o l e 17 in  a c id  s o l u t i o n .
The s im p le s t  form o f  e l e c t r o p h i l i c  s u b s t i t u t i o n  i s  a c id -  
c a t a ly s e d  proton exchange, in  a s  much a s  th e  in t e r m e d ia te  i s  th e  
co n ju g a te  a c id .  The p r o to n a t io n  o f  p y r r o l e s  and hydrogen i s o t o p e  
exchange are  d e sc r ib e d  in  s e c t i o n s  1 .3  and 1 .4  r e s p e c t i v e l y
I n t e r e s t  in  p y r r o le  c h e m is t r y  b e fo r e  1980 was l a r g e l y  
academ ic, a lth o u g h  th e  p h a rm a co lo g ica l  a c t i o n  o f  many d e r i v a t i v e s  
was I n v e s t ig a t e d .  S y n t h e t i c  r o u t e s  were d ev e lo p ed  t o  f a c i l i t a t e  th e  
p r o d u c t io n  o f  p y r r o le s  a s  p r e c u r s o r s  t o  th e  s y n t h e s e s  o f  novel  
p o rp h y r in s .  P y r r o le s  were a l s o  o f  i n t e r e s t  t o  t h e o r e t i c a l  ch em is ts  
who found them a c h a l l e n g in g  a re a  in  which t o  apply  new id e a s .
The major i n t e r e s t  in  p y r r o le  ch e m is tr y  to d a y  r e s u l t s  
from th e  p o t e n t i a l  a p p l i c a t i o n s  o f  p o ly p y r r o le s ,  th e  c o n d u c t iv e  
polym ers o b ta in e d  by e l e c t r o l y t i c  o x i d a t i o n  o f  p y r r o le  s o l u t i o n s .  I t  
sh o u ld  be p o in te d  out t h a t  th e  term  p o ly p y r r o le  now r e f e r s  to  
som eth ing  q u i t e  d i f f e r e n t  from th e  m a te r ia l  produced when p y r r o le s  
a re  exposed  t o  a i r .  The s o - c a l l e d  " p y r r o le  black" produced by 
ch em ica l  o x id a t io n  o f  p y r r o le  i s  a powdery m a te r ia l  and i s  no 
lo n g e r  o f  any i n t e r e s t .  Conducting p o ly p y r r o le s  w ith  s a t i s f a c t o r y  
p h y s ic a l  p r o p e r t ie s  have o n ly  been produced e l e c t r o c h e m i c a l l y ,  u s in g  
methods based  on th a t  p io n ee red  by D a l l ' O l i o  e t  a l . i e
Research in t o  p o ly p y r r o le s  has a lm ost  i n v a r ia b ly  been  
c a r r i e d  out u s in g  m a te r ia l  o b ta in e d  by e l e c t r o l y s i s  o f  a c e t o n i t r i l e  
s o l u t i o n s  o f  th e  p y r r o le  monomers c o n t a in in g  s u i t a b l e  e l e c t r o l y t e s .  
In t h i s  way, th e  p o ly p y r r o le  i s  produced a s  a t h i n  f i l m  which  
ad heres  to  th e  s u r fa c e  o f  th e  anode, u s u a l l y  made o f  p latinum .  
F ilm s have been grown in  d i f f e r e n t  s o l v e n t s  but t h e i r  q u a l i t y  has  
not been a s  h igh  as  th o s e  d e r iv e d  from a c e t o n i t r i l e  s o l u t i o n s .  The 
polym ers produced c o n s i s t  o f  c h a in s  o f  c a t i o n i c a l l y  charged p y r r o le  
u n i t s ,  predom inantly  l in k e d  a t  t h e i r  a - p o s i t i o n s .
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As th e  f i l m  i s  d e p o s i t e d  on th e  anode, a n io n s  from th e  
e l e c t r o l y t e  are  in c o r p o r a te d  t o  m a in ta in  e l e c t r i c a l  n e u t r a l i t y .  These  
c o u n te r io n s  account f o r  10 -  35 % by w e igh t o f  th e  polymer f i lm .  
The e f f e c t  o f  th e  c o u n te r io n  on th e  co n d u c t iv e  p r o p e r t i e s  o f  th e  
p o ly p y r r o le  i s  somewhat u n c le a r .  C o n d u c t i v i t i e s  o f  p o ly p y r r o le  are  
known t o  vary c o n s id e r a b ly  depending on th e  p r e c i s e  c o n d i t io n s  o f  
p rep a ra t io n .  I t  was a w id e ly  h e ld  b e l i e f  th a t  th e  n atu re  o f  th e  
an io n  had a la r g e  e f f e c t ,  v a r y in g  th e  c o n d u c t i v i t y  o v er  a range  
o f  5 o rd er s  o f  m a g n itu d e .1® However, T sa i e t  a l . 20 observed  o n ly  
modest changes in  c o n d u c t i v i t y  a s  a r e s u l t  o f  a change in  an ion .  
I t  now seems more l i k e l y  t h a t  d i f f e r e n c e s  in  f i l m  p r o p e r t ie s  
r e s u l t  from d i f f e r e n c e s  in  f i l m  morphology which depend on th e  
p r e c i s e  c o n d i t io n s  o f  fo rm a tio n .
The number o f  p apers  in  th e  l i t e r a t u r e  concerned  w ith  
p o ly p y r r o le s  has in c r e a s e d  d r a m a t ic a l ly  in  r e c e n t  y e a r s ,  most 
n o ta b ly  d ur in g  th e  l a t t e r  p a r t  o f  th e  1 9 8 0 's .  P o ly p y r r o le s  are o f  
p a r t i c u l a r  i n t e r e s t  f o r  a number o f  r e a s o n s .  Compared t o  o th er  
co n d u c tin g  polym ers, t h e i r  p r e p a r a t io n  by th e  e le c t r o c h e m ic a l  method 
o u t l in e d  above, i s  v ery  s t r a ig h t f o r w a r d ,  and th e y  e x h i b i t  remarkable  
chem ica l and therm al s t a b i l i t y .  An advantage t h a t  p o ly p y r r o le s  have  
over o th er  co n d u c t in g  polym ers, such a s  p o ly a c e t y l e n e ,  i s  th e  e a s e  
w ith  which t h e i r  p r o p e r t i e s  can be m od if ied .  P y r r o le s  s u b s t i t u t e d  
a t  e i t h e r  th e  Cb or N - p o s i t i o n s  can be p o ly m er ised  and th e  
r e s u l t i n g  f i l m s  have w id e ly  d i f f e r i n g  e l e c t r i c a l  p r o p e r t i e s .  T his  
m o d i f i c a t io n  o f  p r o p e r t i e s  i s  l a r g e l y  due t o  s t e r i c  req u irem en ts  
o f  th e  s u b s t i t u e n t s  a f f e c t i n g  f i l m  morphology.
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Salmon e t  a l . 2 1 *252 have shown t h a t  ch an ges  in  e l e c t r i c a l  
p r o p e r t i e s  can be produced by p u r e ly  e l e c t r o n i c  e f f e c t s  due t o  
s u b s t i t u e n t s .  They produced p o ly p y r r o le  f i l m s  from a s e r i e s  o f  
p a r a - s u b s t i t u t e d  1 - p h e n y lp y r r o le s  and found a l i n e a r  c o r r e l a t i o n  
between e l e c t r o n  t r a n s f e r  r a t e s  o f  th e  polym ers and th e  e l e c t r o n i c  
p r o p e r t i e s  o f  th e  p a r a - s u b s t i t u e n t s  a s  measured by t h e i r  Hammett 
o*p v a lu e s .
P y r r o le s  may a l s o  be p o ly m er ised  w ith  o th e r  h e t e r o c y c l i c  
compounds t o  g iv e  a d iv e r s e  range o f  c o p o ly m e r s .2 3 T h is  p r o v id e s  
an oth er  way o f  d e s ig n in g  polymer f i l m s  w ith  n o v e l  p r o p e r t i e s .  
Copolymers may a l s o  be produced from d i f f e r e n t  p y r r o le  monomers 
fo r  example p y r r o le  and ¥ - m e th y lp y r r o le . 25
As y e t  th e r e  a re  no commercial u s e s  o f  p o ly p y r r o le s .  I t  
would seem t h a t  more improvement o f  t h e i r  m echanical p r o p e r t i e s  
w i l l  be r e q u ir e d  b e fo r e  la r g e  s c a l e  a p p l i c a t i o n s  can be found.
As a r e s u l t  o f  t h e i r  n ove l  e l e c t r i c a l  p r o p e r t i e s ,  th ey  
may f in d  an a p p l i c a t i o n  in  th e  development o f  b a t t e r i e s . 25 The 
p o s s i b i l i t y  o f  p rep a r in g  p o ly p y r r o le  f i l m s  c o n t a in in g  f l u o r e s c e n t  
c o u n te r io n s  makes them p o t e n t i a l l y  u s e f u l  in  th e  a rea  o f  d i s p l a y  
d e v i c e s . 27' The p o s s i b i l i t y  o f  u s in g  p o ly p y r r o le s  a s  f i l m s  f o r  th e  
c o n t r o l l e d  r e l e a s e  o f  drugs has been s u g g e s t e d . 2,3
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The number o f  p r e p a r a t iv e  methods d e s c r ib e d  f o r  p y r r o le s  
i s  v a s t .  The p y r r o le  r in g  can be formed by a wide v a r i e t y  o f  
r e a c t i o n  ty p e s  from both c y c l i c  and a c y c l i c  p r e c u r s o r s •29 Most o f  
t h e s e  r e a c t i o n s  a r e  s p e c i f i c  t o  c e r t a i n  s u b s t i t u te d '  p y r r o le s  and 
have l i t t l e  g e n e r a l  a p p l i c a b i l i t y .  In a d d i t io n ,  many p r e p a r a t io n s  
g iv e  r e l a t i v e l y  low y i e l d s  and in  some th e  p y r r o le  i s  m erely  a 
b y-p rod uct.
□ne o f  th e  e a r l i e s t  methods used t o  prepare p y r r o le s  was 
from mucic ( g a l a c t a r i c )  a c id  (6 ) and amines.
C00H
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1 .2  The P r e p a r a t io n  o f  S im p le  P y r r o le s
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T his  i n v o l v e s  th e  p y r o l y s i s  o f  amine s a l t s  o f  mucic a c id  and was 
d e s c r ib e d  by L i c h t e n s t e i n 30 in  1881. The method h a s  been used by
P i c t e t 31 and l a t e r  by Adkins and Coonradt3 2 . High tem p era tu res  are
re q u ired ,  and a s  a r e s u l t  th e  method i s  o n ly  s u i t a b l e  f o r  th e  
p rep a ra t io n  o f  v o l a t i l e  p y r r o le s .  When th e  method i s  used  t o  
prepare p y r r o le s  o f  h ig h er  m o lec u la r  mass, th e  p ro d u c ts  do n ot  
d i s t i l  so  r e a d i l y  and a r e  l a r g e l y  decomposed. El Khadem e t  a l . 33 
have used  th e  method r e l a t i v e l y  r e c e n t l y  t o  produce a number o f
IT -ary lp yrro les ,  but th e  y i e l d s  were g e n e r a l l y  very  low.
The most v e r s a t i l e  and w id e ly  used  methods o f  p rep ar in g  
p y r r o le s  a re  undoubted ly  t h o s e  d e s c r ib e d  by Paal and Knorr over a
ce n tu r y  a g o . 3* " 3*3
The Knorr p r e p a r a t io n  i n v o l v e s  th e  r e a c t i o n  o f  a-am ino-
k e to n e s  i w ith  o th er  k e to n e s  or d ik e t o n e s  :
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The r e a c t i o n  i s  somewhat l i m i t e d  in  t h a t  X and Y need  
t o  be e l e c t r o n  w ithdraw ing s u b s t i t u e n t s .
The Knorr p r e p a r a t io n  can o f t e n  be c a r r i e d  out by 
producing  th e  a -am inoketone in  s i tu .  T h is  i s  i l l u s t r a t e d  by th e
fo rm a tio n  o f  Knorr1s  e s t e r  from th e  p a r t i a l  n i t r o s a t i o n  o f  e t h y l
a c e t o a c e t a t e  :
BtChC/
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(K n orr 's  E s te r )
In t h i s  example, th e  a c t i v a t i n g  grou p s,  X and Y, are  both  
-CCfeEt. As Y i t  f a c i l i t a t e s  th e  n i t r o s a t i o n  r e a c t i o n  and a s  X i t  
a c t i v a t e s  th e  methylene group o f  t h e  r e a c t i n g  s p e c i e s ,  th er eb y  
m in im is in g  th e  s e l f - c o n d e n s a t i o n  o f  th e  a -a m in o k eto n e .
K norr 's  e s t e r ,  2 , 4 -d im e t h y l - 3 ,5 - d ic a r b e t h o x y p y r r o le ,  can be 
d e c a r b o x y la te d  by trea tm en t  w ith  a l c o h o l i c  p o ta s s iu m  h ydrox id e ,  
r e s u l t i n g  in  2 , 4 -d lm e th y lp y r r o le .  A c t i v a t i n g  s u b s t i t u e n t s  such  a s  
CO^Et can a l s o  be reduced t o  a lk y l  groups, hut c l e a r l y  t h e  Knorr 
s y n t h e s i s  o f f e r s  no s i n g l e  s t e p  p r e p a r a t io n s  o f  a l k y l p y r r o le s .
The p rep a ra t io n  o f  p y r r o le s  from c h lo r o k e t o n e s ,  J 3 -k eto ester s  
and amines i s  r e f e r e d  t o  a s  th e  H antzsch  s y n t h e s i s .
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T h is  method has been e x t e n s i v e l y  s t u d ie d  by Room! and 
MacDonald. 37 They d evelop ed  a number o f  m o d if ied  v e r s i o n s  o f  th e  
o r i g i n a l  H antzsch method33 t o  i n c r e a s e  i t s  v e r s a t i l i t y .  The Hantzsch  
method has th e  same formal g e n e r a l i t y  a s  th e  Knorr s y n t h e s i s .
The most v e r s a t i l e  method o f  p rep a r in g  IT -su b st itu ted  
p y r r o le s ,  and in  p a r t i c u la r  1 , 2 , 5 - t r i s u b s t i t u t e d  p y r r o le s ,  i s  th e  
Paal-K norr r e a c t io n .  The p y r r o le  r i n g  i s  formed by th e  co n d en sa t io n  
o f  a 1 ,4 - d ik e t o n e  w ith  an amine :
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In t h i s  way, 2 , 5 - d im e t h y lp y r r o le  i s  produced on a la r g e  
s c a l e  from th e  co n d en sa t io n  o f  h e x a n e -2 , 5 -d io n e  (a c e to n y la c e to n e )  
w ith  ammonia. S im i la r ly ,  1 , 2 , 5 - t r i m e t h y l p y r r o l e  can be o b ta in e d  u s in g
methylamine in  p la c e  o f  ammonia.
The r e a c t io n  has been  w id e ly  used  i n  th e  p r e p a r a t io n  of
N - s u b s t i t u t e d - 2 ,5 - d im e t h y lp y r r o le s .  Paal and S c h n e id e r 39 produced a 
a number o f  IT -su bstitu ted  2 , 5 - d im e t h y lp y r r o le s  i n  1896.
B ishop40 s tu d ie d  th e  c o n d e n s a t io n  o f  h e x a n e -2 ,5 - d io n e  w ith
am ines and found th a t  th e  b e s t  r e s u l t s  were o b ta in e d  when th e
r e a g e n t s  were r e f lu x e d  in  a s o l v e n t  such  a s  benzene in  th e
p resen ce  o f  an a c id  c a t a l y s t ,  and a means o f  w ater removal was 
employed. Broadbent e t  a l . 41 used  th e  r e a c t i o n  t o  prepare a number
o f  s t e r i c a l l y  crowded N - s u b s t i t u t e d - 2 ,5 - d im e t h y l p y r r o l e s .  For such  
r e a c t i o n s ,  th e  u su a l  c a t a l y s t  o f  g l a c i a l  a c e t i c  a c i d  was found to
be i n e f f e c t i v e .  The re q u ired  c o n d e n s a t io n s  were a c h ie v e d  u s in g  
t i t a n iu m  (IV) c h lo r id e  as  th e  c a t a l y s t .  T h is  a c t e d  both  a s  Lewis  
a c id  c a t a l y s t  and as  a water sca v e n g e r .
2HaO
M il l e r  and Bambury42 u sed  th e  Paal-K norr c o n d e n s a t io n  t o  
produce a s e r i e s  o f  21 IT -su b s t i tu te d  2 , 5 - d im e t h y lp y r r o le s  w ith  a 
v a r i e t y  o f  h e t e r o c y c l i c  r in g  sy s tem s  a s  th e  N - s u b s t i t u e n t s .  They 
used j7- t o lu e n e s u lp h o n ic  a c id  a s  th e  c a t a l y s t .  The p ro d u c ts  were 
examined f o r  p h y s i o l o g i c a l  a c t i v i t y  but no p o s i t i v e  r e s u l t s  were 
o b ta in e d .
The same c a t a l y s t  was used  by Zeng e t  a l . 4 3 , who c a r r ie d
out th e  c o n d e n s a t io n  o f  h ex a n e -2 , 5 -d io n e  w ith  a s e l e c t i o n  o f  
a l k y l -  and a ry la m in es  as  p a r t  o f  a m e c h a n is t ic  s tu d y  o f  th e  
r e a c t io n .  Saeed44 produced a more l i m i t e d  range o f  compounds in  a 
s i m i l a r  manner. Such p r e p a r a t io n s  o f  N - s u b s t i t u t e d - 2 , 5 - d im e t h y lp y r r o le s  
o f t e n  g iv e  near q u a n t i t a t i v e  y i e l d s .  Bruekelman e t  a l - 4 S *4S used  th e  
r e a c t i o n  a s  a means o f  p r o t e c t i n g  primary amines. The f r e e  amine 
i s  o b ta in e d  by t r e a t i n g  th e  2 , 5 -d im e th y lp y r r o le  d e r i v a t i v e  w ith  
h yd raz in e  h y d r o c h lo r id e .
T e x i e r - B o u l l e t  e t  a l . 47' have d ev e lo p ed  a method o f  
c a r r y in g  out th e  Paal-K norr c o n d e n s a t io n  a t  room tem p eratu re  u s in g
m o n tm o r r i l lo n ite  c l a y  a s  th e  c a t a l y s t .  T h is  method was s u c c e s s f u l l y  
used by D a v ie s  e t  a l . 4Q, to  p repare a s e r i e s  o f  1 , 2 , 5 - t r i a l k y l -
p y r r o le s  f o r  e l e c t r o n  s p in  re so n a n ce  s t u d i e s .  The c o n d e n s a t io n  o f
amines w ith  o c t a n e - 3 , 6-d io n e  gave h ig h  y i e l d s  o f  IT -su b st i tu te d  
2 ,5 - d i e t h y l p y r r o l e s .
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The e f f i c i e n c y  o f  th e  Paal-K norr c o n d en sa t io n  r e f l e c t s  a 
g e n e r a l  p r e fere n c e  o f  p y r r o le  s y n t h e s e s  t o  le a d  t o  a - s u b s t i t u t e d
p ro d u c ts .  In f a c t  th e  number o f  p r e p a r a t iv e  methods le a d in g  tD 
p y r r o le s  w ith ou t s u b s t i t u e n t s  on th e  carbon atoms or w ith  on ly  
j3- s u b s t i t u e n t s  i s  somewhat l i m i t e d .  One e x t e n s i v e l y  u sed  method 'of
p rep a r in g  p y r r o le s  s u b s t i t u t e d  o n ly  a t  n i t r o g e n  i s  t h a t  due t o
Elmlng and C lau son-K aas .4® T h is  method i s  in  e f f e c t  a m o d i f i c a t io n  
o f  th e  Paal-Knorr c o n d e n s a t io n .  The d ic a rb o n y l  compound i s  g en era ted
in  s i tu  from a d ia lk o x y  d e r i v a t i v e  o f  te tra h y d ro fu ra n .
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T his  method was u sed  by Salmon e t  a l . 2 1 ' 22 t o  o b ta in  a 
s e r i e s  o f  N -p h en y lp y rro le  monomers f o r  use  in  th e  p r e p a r a t io n  o f  
p o ly p y r r o le  f i lm s .
R e l a t i v e l y  few s y n t h e s e s  o f  p y r r o l e s  b e a r in g  s u b s t i t u e n t s  
in  o n ly  th e  ^ - p o s i t i o n s  have been d e s c r ib e d .  There h a s  been  
c o n s id e r a b le  i n t e r e s t  in  3 , 4 -d im e th y lp y r r o le  from th o s e  in v o lv e d  in  
th e  s y n t h e s i s  o f  p orp hyr in s .
S ta p fe r  and D'Andreaso  o b ta in e d  3 , 4 -d im e th y lp y r r t i le  from  
th e  r e a c t i o n  o f  p ro p io n a ld a z in e  w ith  c o b a l t  ( I I )  i o d id e  or n ic k e l  
( I I )  c h l o r i d e .
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LeGoff e t  a l . B1 ' S2 o b ta in e d  3 , 4 -d im e t h y lp y r r o le  by th e  
r e d u c t io n  o f  3 - c a r b e th o x y - 4 -m e t h y lp y r r o le . The 3 - c a r b e th o x y  d e r i v a t i v e  
was prepared  in  70% y i e l d  from th e  r e a c t i o n  o f  e t h y l  c r o to n a te  
w ith  p - to lu e n e s u l f o n y lm e t h y l l s o c y a n id e  :
CHaCfFCH-CCbEt + CHa- -scb-CHa-irc
NaH
T J
C0'2Et
The 3 -c a rb e th o x y  In te r m e d ia te  was reduced w ith  sodium  
d ih y d r o b is (2 -m e th o x y e th o x y a lu m in a te ) . The r e p o r ted  y i e l d  f o r  t h i s  s t e p  
was 44%.
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Ichimura e t  a l , s ® d e v i s e d  a s y n t h e s i s  o f  3 ,4 -d im e th y l
p y r r o le  in  which an N - s u l f i n y l  compound was t r e a t e d  w ith  2 , 3 -
d lm eth y lb u ta d ien e  to  g iv e  a c y c lo a d d u c t  which a f fo r d e d  th e  p y r r o le
on h e a t in g  in  a s t r o n g ly  a l k a l i n e  s o l u t i o n .  The N - s u l f i n y l  compound 
was o b ta in e d  by th e  s im u lta n e o u s  a d d i t i o n  o f  p y r id in e  and t h io n y l
c h lo r id e  t o  a s o l u t i o n  o f  e t h y l  carbam ate CureFhane) in  benzene :
The a d d i t io n  o f  2 , 3 -d im e th y lb u ta d ie n e  r e s u l t e d  in  th e  fo rm a tio n  o f
2 - e t h o x y c a r b o n y l - 3 ,6 - d i h y d r o - 4 ,5 - d i m e t h y l - l , 2 - t h i a z i n e  1 - o x i d e ,  which was 
c o n v er ted  t o  3 , 4 -d im e th y lp y r r o le  by r e f l u x l n g  w ith  m eth a n o l ic  KDH :
CH:3
The maximum y i e l d  fo r  th e  p r o c e s s  was r e p o r te d  t o  be 47.7%.
E lguero  e t  a l . S4 s t u d ie d  th e  r e a c t i o n  o f  a ld e h y d es  and 
k e to n e s  w ith  1 , 2 -d im eth y l  h y d r a z in e . With most k e to n e s  th e  major 
product was a p y r a z o l in e ,  but in  some c a s e s  1 , 3 , 4- t r i s u b s t i t u t e d  
p y r r o le s  were o b ta in ed .  The c o n d e n s a t io n  o f  1 , 2-d im e th y lh y d r a z in e  
w ith  propanal was re p o r te d  t o  r e s u l t  in  a 50% y i e l d  o f  1 , 3 , 4 -  
t r im e t h y lp y r r o le .
EtChC-NHa + SCbCl EtOffiC-N=S->0
CH-a
NH
Baldwin and B o t ta r o 5S Lave d e v i s e d  a g e n e r a l  s y n t h e s i s  o f  
a l k y l p y r r o l e s  from th e  a z i n e s  o f  e n o l i s a b l e  a ld e h y d e s  and k e to n e s .  
These a re  c o n v er ted  t o  p y r r o le s  v ia  N -benzoyl d e r i v a t i v e s  :
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B*
CH-aB1 R
R1 CHi X N=^
< 1  v  “ ' f  - - O - K .  ,  j r >
'K-—F  If If
R= /  \  I  \  I
PhCO COPh PhCO COPh COPh
Modern s y n t h e t i c  methods have o f  c o u r se  been a p p l i e d  t o  
th e  p r e p a r a t io n  o f  p y r r o le s .  Y osh ikosh i  e t  a l . s e  have r e c e n t l y  
d e s c r ib e d  a g e n e r a l  s y n t h e s i s  o f  p o ly a l k y l p y r r o l e s  from k e to n e s  and 
n i t r o a l k e n e s  :
R1 R * ^  R* R*
J l  . W
0 -7 8  °C RlX^ ^ O L i  IQ s
I THF, Ac:20
R*1 t-
The f i n a l  s t e p ,  c o n v e r s io n  o f  th e  a c e t i c  n i t r o n i c  anhydride  
tQ th e  p y r r o le ,  was a ch iev ed  by r e d u c t io n  w ith  a Zn/Cu co u p le  and 
aqueous ammonium c h lo r id e  in  r e f l u x l n g  e th a n o l .
d o n a tes  two e l e c t r o n s  t o  th e  x - s y s t e m  th u s  g i v i n g  th e  carbon
atoms o f  th e  r in g  a p a r t i a l  n e g a t i v e  ch arge .  As a r e s u l t ,  p y rro le
d e r i v a t i v e s  are e s s e n t i a l l y  ' o n ly  p r o to n a te d  a t  one o f  th e  carbon  
atoms. Kresge e t  a l . S7 measured th e  b a s i c i t y  o f  c a r b a z o le s ,  which  
can o n ly  be p ro to n a ted  a t  n i t r o g e n ,  and e s t im a te d  pKa v a lu e s  in  
th e  re g io n  o f  -1 0  f o r  N -p ro to n a ted  p y r r o le  and in d o le .  T his  v a lu e  
c o n t r a s t s  w ith  th e  measured pKa f o r  C -p ro to n a ted  p y r r o le  o f  - 3 . 8
and s u g g e s t s  th a t  th e  N -p ro to n a ted  form would be p r e s e n t  a t  a 
l e v e l  o f  on ly  a m i l l i o n t h  o f  t h a t  o f  th e  C -p ro to n a ted  forms. 
Although th e r e  has been s p e c u l a t i o n  t h a t  c e r t a i n  p y r r o le  s a l t s  may
be composed o f  N -p roton ated  s p e c i e s  in  th e  s o l i d  s t a t e 5 0 , th e r e  
can be no doubt th a t  o n ly  C -p ro to n a ted  s p e c i e s  are  s i g n i f i c a n t  in  
s o l u t io n .
The p r in c ip a l  q u e s t io n  t h a t  a r i s e s  i s  whether p ro to n a t io n
o f  p y r r o le s  o ccu rs  p r e f e r e n t i a l l y  a t  th e  a -  or j3 -p o s i t io n .  The 
s i t e  o f  p ro to n a t io n  has been th e  s u b j e c t  o f  numerous s t u d i e s ,  
g e n e r a l l y  employing th e  u se  o f  NMR te c h n iq u e s .
The p r o to n a t io n  o f  p y r r o l e s  in  aqueous s u lp h u r ic  a c id  has  
been e x t e n s i v e l y  s tu d ie d  by Chiang and W hipple .00' 51 The s p e c tr a  
o f  p y r r o le  and N -m eth y lp y rro le  in  16 M a c id  each fe a tu r e d  four  
peaks, i n  th e  r a t i o  1 : 1 : 1 : 2 , and in d ic a t e d  a lm ost  e x c lu s i v e  
a -p r o to n a t io n .  T his  i s  c o n s i s t e n t  w ith  e s t im a te d  pKa v a lu e s  o f  - 3 , 8
f o r  a -p r o to n a t io n  and - 5 . 9  f o r  j3 -p ro to n a t io n  o f  u n s u b s t i tu te d  
p y r r o l e . S1
- 1 9 -
1 .3  P r o to n a t la n  o f  P y r r o le s
As i n d ic a t e d  i n  th e  i n t r o d u c t i o n ,  th e  p y r r o le  n i t r o g e n
The p roton  NMR spectrum  o f  2 , 5 - d im e th y lp y r r o le  in  
12M s u lp h u r ic  a c id  was more complex; th e  peaks c o u ld  be a s s ig n e d  
t o  both th e  a -p r o to n a te d  and j3-protonated  forms. The r e l a t i v e  
i n t e g r a l s  l e d  t o  an e s t im a te  o f  70% oc-protonation  and 30% 
^ -p r o fa n a t io n .
In th e  c a s e  o f  1 , 2 , 5 - t r i m e t h y l p y r r o l e ,  a s i m i l a r  sp ec tru n  
was o b ta in ed ,  but w ith  th e  amount o f  f l -p r o to n a t io n  in c r e a s e d  t o  
around 36%.
The P r o to n a t io n  o f  2 , 5 -D im e th y lp y r r o le s  :
- 2 0 -
(5) a -P r o to n a t io n  (6) £ -P r o to n a t io n
(The p o s i t i v e  ch arge  i s  shown fo r m a l ly  r e s i d i n g  on n i t r o g e n )
The a s s ig n m e n ts  were con firm ed  by ex p er im en ts  i n  D^SCU 
in  which th e  s i g n a l  due t o  th e  a -p r o to n  o f  (5) was a b sen t;  th e
s i g n a l  due t o  th e  two p r o to n s  a t  th e  s i t e  o f  p r o to n a t io n  o f
(6) was broadened and d im in is h e d ,  and t h e  s p l i t t i n g  o f  th e  peaks
due to  th e  m ethyl s u b s t i t u e n t s  in  (5) was no lo n g e r  s e e n .
-21-
Chiang, Whipple and c o -w o r k e r s32 ex ten d ed  t h e i r  s t u d i e s  o f
th e  p r o to n a t io n  o f  p y r r o le s  t o  a number o f  N -a r y lp y r r o le s .  The 
a d d i t io n  o f  an N-phenyl s u b s t i t u e n t  t o  2 , 5 -d im e th y lp y r r o le  was 
found t o  in c r e a s e  th e  amount o f  a - p r o t o n a t io n  t o  84%, a s  measured  
from i n t e g r a t io n  o f  an NMR sp ectru m  o f  th e  compound in  s u lp h u r ic  
a c id .  In c o n t r a s t ,  th e  p r o p o r t io n  o f  a -p r o t o n a te d  form se e n  in  a 
spectrum  o f  1 - ( 2 ' , 6 ' - d i m e t h y l p h e n y l ) - 2 , 5 - d im e t h y lp y r r o le  (7) was o n ly  
34%. The p r e fe r e n c e  o f  j3 -p ro to n a t io n  in  t h i s  c a s e  was accounted  
fo r  by s t e r i c  h indrance t o  a - p r o t o n a t io n  due t o  th e  a d d i t io n a l  
methyl s u b s t i t u e n t s .
some e a r l i e r  o b s e r v a t io n s  in  th e  l i t e r a t u r e .  For example, th e  f a c t  
t h a t  a -  and J3-protonated form s o f  2 , 5 -d im e th y lp y r r o le  c o - e x i s t  in  
s o l u t i o n  a cc o u n ts  fo r  th e  f a i l u r e  o f  T r e ib s  and Kolm33 t o  o b ta in  
a c r y s t a l l i n e  h y d r o ch lo r id e  s a l t .
(7)
The NMR ex p er im en ts  o f  Chiang and Whipple60' 31 e x p la in e d
C r y s t a l l i n e  s a l t s  have been o b ta in e d  fo r  very  few  a l k y l -  
p y r r o le s .  T r e ib s  and Kolm53 a t tem p ted  t o  p repare h y d r o c h lo r id e s  by 
p a s s in g  dry hydrogen c h lo r id e  g a s  through  s o l u t i o n s  o f  p y r r o le s  in
ch lo ro fo rm  or carbon t e t r a c h l o r i d e .  The o n ly  p y r r o le s  t o  g iv e  
r e l a t i v e l y  s t a b l e  s a l t s  a re  th o s e  w ith  t h r e e  r in g  s u b s t i t u e n t s  
such a s  k r y p to p y r r o le .  Such compounds a re  p ro to n a ted  unambiguously  
a t  th e  rem aining  r in g  p o s i t i o n , 50»54
B u llo c k 5'3 ' 5® e s t a b l i s h e d  g e n e r a l  r u l e s  f o r  th e  s i t e  o f
p r o to n a t io n  o f  a l k y l p y r r o le s .  An a - a l k y l  s u b s t i t u e n t  d i r e c t s  
p r o to n a t io n  t o  th e  o p p o s i t e ,  or a 1- p o s i t i o n ,  whereas a f i - s u b s t i t u e n t  
d i r e c t s  p r o to n a t io n  t o  th e  a d ja c e n t  a - p o s i t i o n .
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Acid c a t a ly s e d  hydrogen i s o t o p e  exchange o f  arom atic  
compounds i s  known t o  p ro ceed  by an A-Se-2 ty p e  mechanism, The 
f i r s t  s t e p  o f  such a mechanism i s  fo r m a l ly  s i m i l a r  t o  p ro to n a t io n  
o f  th e  compound. <
k ^
Ar-L + AH \ — — H-Ar-L-*- t  A“
k~i
k;E
H-Ar-L- + A~ v — -  Ar-H + AL <L = 2H or 3H>
k—-32
The f i r s t  e v id e n c e  t o  su p p ort  t h i s  mechanism was provided  
by Kresge and Chiang65 in  1959. They measured r a t e s  o f  d e t r i t i a t i o n  
o f  [ 1-=:3H ]-2 14 , 6 - tr im eth o x y b en zen e  in  a c e t a t e  b u f f e r s  and observed  a 
dependence on th e  a c e t i c  a c id  c o n c e n t r a t io n .  No such  dependence  
would have been observed  i f  exchange was s p e c i f i c a l l y  c a t a ly s e d  by 
H30  and a n a l y s i s  D f  th e  d a ta  showed arom atic  hydrogen i s o to p e  
exchange t o  be g e n e r a l - a c i d  c a t a l y s e d . 55
S im ila r  work, was c a r r i e d  out w ith  o th e r  a c t iv a t e d  
arom atic  compounds such a s  a z u le n e 67 and in d o l e 6'3 , and g en er a l  a c id  
c a t a l y s i s  was aga in  ob served .
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1 .4  H y d ro g e n  Is o to p e  E xch a n g e  S t u d ie s
D e t r i t i a t i o n  exp er im en ts  are  g e n e r a l l y  c a r r i e d  ou t a t  low
a c i d i t i e s  and th e  p ro to n a ted  in t e r m e d ia te ,  H-Ar-L^, i s  p r e s e n t  on ly  
a t  v er y  low c o n c e n t r a t io n s .  The exchange p r o c e s s  can be c o n s id e r e d  
a s  i r r e v e r s i b l e  s i n c e  th e  t r i t i u m  i s  p r e s e n t  a t  t r a c e r  l e v e l  and
s o  a s t e a d y  s t a t e  trea tm en t  g i v e s  th e  r a t e  o f  l o s s  o f  t r i t iu m  
a s  :
-d t ArL] / d t  = ha [ ArL3 [ AH]
1 + k -i/ks i
The r a t i o  k - i / k *  r e p r e s e n t s  th e  r a t i o  o f  ’ H t o  :3H
removal from th e  in te r m e d ia te  and i s  t h e r e f o r e  th e  i s o t o p e  e f f e c t .  
I s o to p e  e f f e c t s  a re  known t o  vary  w ith  c a t a l y s t  a c i d i t y  and
s u b s t r a t e  b a s i c i t y  and s o  i t  i s  n o t  p o s s i b l e  t o  d e r iv e  v a lu e s  o f  
k i , th e  p r o to n a t io n  r a t e  c o n s ta n t s ,  from th e  measured r a t e s  o f  
exchange. N e v e r t h e l e s s ,  a c o r r e l a t i o n  would be e x p e c te d .
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was p u b l is h e d  in  1937 by Koizumi and T i t a n i .*59 They found th a t  
p ro to n s  in  a l l  p o s i t i o n s  o f  p y r r o le  exchanged r a p i d l y  i n  0,1  I
h y d r o c h lo r ic  a c id .
In a d d i t io n  tD r e c o r d in g  UMR s p e c t r a  o f  p y r r o l e s  in
c o n c e n t r a te d  s u lp h u r ic  a c id ,  Vhipple and Chiang '30*S1 a l s o  made some 
o b s e r v a t io n s  on th e  r a t e s  o f  exchange o f  th e  p r o to n s  o f  p y r r o le s .  
S t u d i e s  o f  1 -m ethyl p y r r o le  in  D^SO* showed t h a t  i n  16 M a c id ,
exchange was more ra p id  a t  th e  ^ - p o s i t i o n s ,  w ith  kfi/k.* = 2 . 3 .  In 
l e s s  a c i d i c  media, exchange was found t o  be more r a p id  a t  th e
a - p o s i t i o n s . S1
S c h w e t l ic k  e t  a l .'70 f o l lo w e d  t h e  d e d e u te r a t io n  o f
2 , 3 , 4 , 5- d 4- p y r r o le  in  s o l u t i o n s  o f  s u lp h u r ic  a c i d  i n  m eth an o l-w ater  
m ix tu re s  u s in g  i n f r a - r e d  sp ec tro m etry .  They co n c lu d ed  t h a t  th e  
o v e r a l l  r a t e  o f  exchange was 101S t im e s  f a s t e r  than  t h a t  o f
b enzene. S c h w e t l ic k  and U n v er fer th 7’1 l a t e r  d eterm in ed  t h e  o v e r a l l  
r a t e  o f  d e d e u te r a t io n  o f  p y r r o le  in  t h i s  medium, w ith  61% by
w e ig h t  o f  m eth a n o l.
A c id - c a t a ly s e d  p roton  exchange o f  p y r r o le  and N -m eth y l-
p y r r o le  was s t u d ie d  by Bean-72 in  1971. The exchange p r o c e s s  was
fo l lo w e d  u s in g  NMR s p e c tr o s c o p y .  Experim ents  were perform ed a t  3 6 *C
in  1 i 1 by w e ig h t  d ioxan  -  D^O m ix tu res  c o n t a in in g  10% by w eight
d e u t e r i o a c e t i c  a c id .  The ob served  pseudo f i r s t  ord er  r a t e  c o n s ta n t s  
f o r  exchange a t  th e  a -  and ^ - p o s i t i o n s  o f  p y r r o le  were 0 . 0027min-1 
and O.OO^min-1  r e s p e c t i v e l y .  For ET-methylpyrrole, th e  c o r resp o n d in g  
r a t e  c o n s t a n t s  were 0 . 0060min_1 and 0 .0029m in~1 .
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The f i r s t  s tu d y  o f  h y d ro g e n  is o t o p e  e x c h a n g e  o f  p y r r o le
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G e n e ra l a c id  c a t a l y s i s  w as o b s e rv e d .  A ch a n g e  i n  th e
c o n c e n t r a t io n  o f  th e  d e u t e r i o a c e t i c  a c id  was s e e n  t o  have a
pronounced e f f e c t  on th e  r a t e  o f  exchange a lth o u g h  th e  hydrogen
io n  a c t i v i t y  remained e s s e n t i a l l y  c o n s t a n t .  When 1 % d e u t e r i o t r i f l u o r o  
- a c e t i c  a c id  was used a s  th e  c a t a l y s t ,  th e  r a t e  o f  exchange,  
around O .lm in - 1 , was to o  f a s t  f o r  a c c u r a te  measurement, but exchange  
was found t o  be more ra p id  a t  th e  j3 ~ p o s it io n .
Muir and W hiting73 s tu d ie d  hydrogen i s o t o p e  exchange o f
p y r r o le  and in d o le  in  m ix tu res  o f  DaO and a c e t o n i t r i l e ,  c a t a ly s e d
by p e r c h l o r i c  a c id .  In t h i s  medium, th e  r a t e  o f  d e u t e r a t io n  a t  th e
N - p o s i t i o n  co u ld  be fo l lo w e d  by o b s e r v in g  th e  f i r s t  o v er to n e  o f
th e  N-H s t r e t c h i n g  mode. The r a t e s  o f  exchange a t  th e  a -  and J3-
p o s i t i o n s  were measured by f o l l o w i n g  th e  f i r s t - o r d e r  d e c r e a s e  in
th e  i n t e g r a t e d  proton  s i g n a l s .
exchange a t  each  p o s i t io n .  For exam ple, th e  t a b l e  below  l i s t s  th e  
measured r a t e  c o n s t a n t s  f o r  N-H exchange o f  p y r r o le  i n  25 mol % 
D ^ Q - a c e t o n i t r i l e  a t  2 7 'C :
A l i n e a r  dependence on a c id  c o n c e n t r a t io n  was found f o r
103 [HC10,J/M 103k /s -1
0 
1.0 
2. 0
3. 0
4. 0 
5 .0  
7. 0 
9. 0
<0. 05 
1. 01 
2 .3 5  
3 .7 6  
4 .5 4  
5 .7 9  
8 .8 5  
10 . 18
R ates o f  exchange were found t o  drop s h a r p ly  a s  th e  
water c o n te n t  o f  th e  m ix tu res  was in c r e a s e d ,  but th e  change in
r a t e  o f  th e  N-H exchange was n ot  p a r a l l e l e d  by th a t  in  th e  r a t e
o f  th e  C-H exchange. T h is  i s  i l l u s t r a t e d  by th e  data below which
shows th e  r e l a t i v e  r a t e s  o i  exchange a t  each p o s i t i o n  o f  p y rro le  
a t  2 7 ®C, w ith  p e r c h lo r i c  a c id  c o n c e n t r a t io n  f i x e d  a t  4 x 10~:3 M,
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Mol. % D32O <M) N-H C«-H Cb-H
7 .5  (1 .5 )
10 (2.0) 
26 <6 . 0)
14
10
5 .5
1 .2 5
0 .9
0.22
1 .4
1*
0 .2 5
* k = lO -^s” 1
Mu i r  and W hiting74 l a t e r  p r e s e n te d  d a ta  on d e t r i t i a t i o n
o f  p y r r o le  and in d o le  by t r i c h l o r o a c e t i c  a c id  in  th e  same D2O -
a c e t o n i t r i l e  m ix tu res .  A range o f  s o l v e n t  c o m p o s i t io n s  was u sed  and 
th e  c o n t r ib u t i o n s  t o  th e  r a t e  from th e  v a r io u s  c a t a l y s i n g  s p e c i e s
were deduced u s in g  th e  e q u a t io n  :
kob# = kiCDaO] + ksCDaO-] + k*C CClaCOaD] + k*C CClaCQa“ 3
In h ig h ly  aqueous m ix tu res  th e  t r i c h l o r o a c e t i c  a c i d  behaved in  a
s i m i l a r  manner to  p e r c h lo r i c  a c id ,  but in  l e s s  aqueous s o l u t i o n s ,  
in  which th e  a c id  was not f u l l y  d i s s o c i a t e d ,  r a t e s  o f  exchange
were much s lo w er .
Bean and W ilkinson75 ex ten d ed  t h e i r  work on a c i d - c a t a l y s e d
d e u te r a t io n  o f  p y r r o le  t o  s e v e r a l  a l k y l p y r r o le s .  The same d ioxan  -  
DaO -  d e u t e r i o a c e t i c  a c id  sy s tem  was used th rou gh ou t .  By c a r r y in g  
out k i n e t i c  exp er im en ts  w ith  p y r r o le  and N -m eth y lp y r ro le  over a
range o f  tem p era tu res  and a c i d i t i e s ,  th e  AH and AS a c t i v a t i o n
p aram eters  were e s t im a te d .  Using t h e s e  and th e  e q u a t io n s  :
kobe a = 3 .9  x 10"® CDaO-] + 3 .9  x 10"s  CDOAc]
and -  3 .9  x 10“* C Da0-] + 0 .9  x 1 0 ' s  C DOAc3
th e  r e a c t i v i t i e s  o f  th e  v a r io u s  p o s i t i o n s  o f  th e  a l k y l p y r r o le s  
r e l a t i v e  t o  u n s u b s t i t u t e d  p y r r o le  co u ld  be e s t im a t e d .  The r e s u l t s  
showed th e  same g en er a l  p a t te r n  a s  th e  p r o to n a t io n  r u l e s  o f  
B u llo ck 5 0 . An a - a l k y l  s u b s t i t u e n t  was found t o  a c t i v a t e  th e
o p p o s i t e  a ' - p o s i t i o n ,  w h ile  a 0- a l k y l  s u b s t i t u e n t  was found t o
a c t i v a t e  th e  a d ja ce n t  a - p o s i t i o n .
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The d e t r i t i a t i o n  o f  p y r r o le  d e r i v a t i v e s  has been s tu d ie d  
by B u t le r  and A lexan d er . 73  In ord er  t o  compare d i r e c t l y  th e  r a t e s
o f  exchange a t  th e  a-  and j3 ~ p o s it io n s ,  ex p er im en ts  were c a r r ie d  out
u s in g  1 , 2 , 5 - t r im e t h y lp y r r a le  <8 ) and 1 , 3 , 4 - t r im e t h y lp y r r o le  (9 ) .
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Me Me
(8 ) <9)
R ates  o f  d e t r i t i a t i o n  were measured in  aqueous phosphate  
b u f f e r s .  In such a sy s tem , exchange may be e f f e c t e d  by hydrogen
io n s  (H"h) and by u n d i s s o c ia t e d  a c i d  (HA). There may a l s o  be some
spontaneous d e t r i t i a t i o n ,  o cc u r in g  a t  a r a t e  (ko>. Thus th e  observed  
r a t e  co n s ta n t  (kob,») can be w r i t t e n  a s  :
kobm = ko + kn-rfH""] + knAtHA]
Using a s e r i e s  o f  b u f f e r s  o f  c o n s ta n t  pH, d e t r i t i a t i o n  
r a t e s  o f  th e  two compounds were measured a s  a f u n c t io n  o f  
c o n c e n tr a t io n  o f  u n d i s s o c i a t e d  a c i d  in  th e  b u f f e r .  P l o t s  o f  k0b»
a g a in s t  CHA] were l i n e a r  th u s  c o n f ir m in g  t h a t  th e  exchange was
g en er a l  a c id  c a t a ly s e d .  From th e  g r a d i e n t s  o f  th e  l i n e s ,  v a lu e s  o f  
Icha were o b ta in ed .  For t h e  exchange a t  th e  a - p o s i t i o n s  o f  1 , 3 , 4 -  
t r im e t h y lp y r r o le ,  knA was measured a s  1 .4  x 10~2 Mr1 s ~1 ; f o r  th e
^ - p o s i t i o n s  o f  1 , 2 , 5 - t r i m e t h y l p y r r o l e ,  knA was 3 . 3  x 10” 3 M“ 1s ” 1 .
exchange in  phosphate b u f f e r s  o f  d i f f e r e n t  pH. Using th e  above 
v a lu e s  o f  knA, v a lu e s  o f  kn^CHA1 were c a l c u l a t e d  and s u b t r a c te d  
from th e  observed  r a t e s ,  koi=.*». P l o t s  o f  <k t^,„s -  IchaCHA]) a g a in s t  
[ H+l were a l s o  l i n e a r  and from th e  g r a d ie n t s  th e  v a lu e s  o f  kH<- 
fo r  exchange a t  th e  a -  and ^ - p o s i t i o n s  were found t o  be 1.9  x IO2
and 2 ,1  x IO2 Mr's-1  r e s p e c t i v e l y ,  The p l o t  f o r  1 , 3 , 4 - t r im e t h y lp y r r o le  
p a ssed  through th e  o r i g i n  from which i t  was con c lu ded  th a t  ko 
fo r  any sp o ntaneous d e t r i t i a t i o n  was n e g l i g i b l y  s m a l l .  In th e  c a s e  
o f  1 , 2 , 5 - t r im e t h y lp y r r o le  th e r e  appeared t o  be some sp o n ta n eo u s  
r e a c t io n ,  but th e  er ro r  in  ko was to o  l a r g e  fo r  a v a lu e  t o  be
s p e c i f i e d .
Comparison o f  th e  kHa v a lu e s  fo r  th e  two compounds, <8> 
and (9 ) ,  shows th e  a - p o s i t i o n  t o  be more r e a c t i v e  tow ards  
exchange c a t a ly s e d  by th e  u n d i s s o c ia t e d  a c id .  The r a t e  r a t i o  
kHA,« /  knA, .b i s  4 .0 .  In c o n t r a s t ,  th e  two p o s i t i o n s  show s i m i l a r  
r e a c t i v i t i e s  tow ards hydrogen io n s ,  kn-,,* /  kH+,jB i s  0. 9 .
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V a lu e s  o f  k H+- w e re  d e te r m in e d  b y  m e a s u r in g  r a t e s  o f
The s t u d ie s  o f  hydrogen i s o t o p e  exchange o u t l in e d  in  t h i s  
s e c t i o n  have g e n e r a l ly  em ployed mixed s o l v e n t  s y s te m s .  I t  seems
t h a t  th e  on ly  work t h a t  h as  been  c a r r i e d  out on th e  d e t r i t i a t i o n
o f  p y r r o le  d e r i v a t i v e s  in  p u r e ly  aq ueous s o l u t i o n  i s  th a t  o f  
B u t le r  and A lexander.
The s t u d ie s  c a r r i e d  out i n  s o l v e n t  m ix tu re s  have shown 
t h a t  th e  r a t e  o f exchange i s  dependent n o t  o n ly  on pH, but on
s o l v e n t  com posit ion  and on t h e  c a t a l y s i n g  s p e c i e s .  In a l l  s t u d i e s
g e n e r a l  a c id  c a t a l y s i s  h a s  been  o b serv e d .
A g en era l  theme t h a t  ru n s  th rou gh ou t p y r r o le  ch em istry  i s  
th a t  th e  a - s u b s t i t u t e d  o '-com plexes a r e  th erm odynam ica lly  favoured,
but 1 3 -su b st itu ted  in t e r m e d ia t e s  a r e  o f t e n  th e  k i n e t i c  product. In 
accord  w ith  gen era l  p r i n c i p l e s ,  weaker e l e c t r o p h i l e s  are  more
s e l e c t i v e  w h ile  s t r o n g  e l e c t r o p h i l e s  such  a s  HaQ-*' are l e s s
s e l e c t i v e .
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C h a p te r  Two
Hydrogen I so to p e  Exchange S t u d i e s  Of S e l e c t e d  P y r r o le s
been measured i n  aqueous s o l u t i o n s  o f  h y d r o c h lo r ic  a c id  a t  25 ®C.
A number o f  co m m ercia lly  a v a i l a b l e  a l k y l p y r r o le s  were examined
f i r s t .  These were l a b e l l e d  by adding a c i d i f i e d  t r i t i a t e d  water to  
s o l u t i o n s  o f  th e  compounds in  DMSO or d ioxan .
The r a t e s  o f  d e t r i t i a t i o n  o f  t h e s e  compounds were found
t o  be c o n v e n ie n t ly  f a s t  f o r  s tu d y ,  a l th o u g h  t h a t  o f  th e  most
b a s i c  d e r i v a t i v e ,  k r y p to p y r r o le ,  was v er y  f a s t ,  and a t  th e  uppermost 
l i m i t  o f  r a t e s  m easurable  by th e  d e t r i t i a t i o n  te ch n iq u e .  A ttem pts  
were th en  made t o  p rep a re  o th e r  a l k y l p y r r o le s ,  but t h e s e  were 
l a r g e l y  u n s u c c e s s fu l  and th e  h ig h ly  b a s i c  d e r i v a t i v e s  were found
t o  be very  u n s ta b le  in  a i r .
A t t e n t io n  was th e n  tu rn ed  tD a s e r i e s  o f  N - a r y l - 2 ,5 -  
d im e th y lp y r r o le s .  These were r e a d i l y  prepared  by th e  c o n d en sa t io n  
o f  a n i l i n e  d e r i v a t i v e s  w ith  h ex a n e -2 , 5 -d io n e  and proved v ery  
co n v en ien t  t o  s tu d y .  B ein g  s o l i d s ,  th e y  co u ld  be r e c r y s t a l l i s e d  a s
o f t e n  a s  n e c e s s a r y  and i n s t a b i l i t y  was not a problem. L a b e l l in g
was found t o  be most e f f e c t i v e  when th e  compounds were heated  
above t h e i r  m e lt in g  p o i n t s  w ith  a c i d i f i e d  t r i t i a t e d  w ater in  
s e a le d  tu b es .  R ates  o f  d e t r i t i a t i o n  were g e n e r a l ly  an ord er  o f
magnitude s lo w er  than t h o s e  o f  th e  a l k y l p y r r o le s  and hence were
i d e a l  f o r  k i n e t i c  measurements.
The co n d e n s a t io n  r e a c t i o n  was a l s o  c a r r ie d  out w ith  a 
sm all  number o f  a d d i t i o n a l  am ines, and th e  r e s u l t i n g  IT -su b st itu ted
2 , 5 -d lm e t h y lp y r r o le s  were s t u d ie d  in  a s i m i l a r  manner.
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2 .1  I n t r o d u c t io n
The r a t e s  o f  d e t r i t i a t i o n  o f  a num ber o f  p y r r o le s  ha ve
2 . 2 . 1  The P u r i f i c a t i o n  and T r i t i a t i o n  o f  P y r r o le  and Some Simple  
A lkyl D e r i v a t i v e s
<a) P y rr o le
A sample o f  p y r r o le  was o b ta in e d  from L a n ca s ter  S y n t h e s i s
a s  a dark brown l i q u i d .  P u r i f i c a t i o n  was a c h ie v e d  by d i s t i l l a t i o n  
a t  a tm o sp h er ic  p r e s s u r e .  The p y r r o le  was c o l l e c t e d  a s  a c o l o u r l e s s
l i q u i d ,  d i s t i l l i n g  a t  lSO’C. (L i t e r a tu r e  v a lu e  : ISO'C1)
The proton  FUR spectrum  was re co rd ed  in  ds-DMSO and 
f e a t u r e d  o n ly  th e  e x p ec ted  s i g n a l s ,  two q u a r t e t s  a t  s h i f t s  o f  
£= 6 .7 3  and £ = 6 .0 3 ,  a r i s i n g  from th e  a-  and j3-protons r e s p e c t i v e l y .
The N~H reso n a n ce  was s e e n  a s  a broad f e a t u r e  a t  around £= 10 .2 .
For d e t r i t i a t i o n  work, a sam ple o f  low a c t i v i t y  t r i t i a t e d  
p y r r o le  was ad eq uate ,  o b ta in e d  by add in g  3p l  o f  5C i/m l t r i t i a t e d
water t o  0 .5 g  o f  a p y r r o le  in  th e  p r e s e n c e  o f  a t r a c e  o f  a c id .
In order t o  reco rd  th e  t r i t o n  FMR spectrum , a sample o f  
much h ig h e r  s p e c i f i c  a c t i v i t y  was r e q u ir e d .  T h is  was o b ta in e d  by
p la c in g  0 .3 g  o f  f r e s h l y  d i s t i - l l e d  p y r r o le  i n  a f l a s k  t o g e t h e r  
w ith  3 p l  o f  50 Cl/m l t r i t i a t e d  w ater a c i d i f i e d  w ith  l p l  o f  2M HC1
The m ixture was p r o te c te d  from a i r  and l i g h t  and l e f t  a t  room
tem perature  f o r  24 hours.
Anhydrous sodium ca rb o n a te  was th en  added t o  th e  m ixture  
and th e  p y r r o le  was e x t r a c t e d  i n t o  d i e t h y l  e t h e r .  The e t h e r e a l
e x t r a c t  was washed w ith  water, d r ie d  over  magnesium s u lp h a te  and 
th en  eva p o ra ted .  The l a b e l l e d  p y r r o le  which remained had become 
s l i g h t l y  y e l lo w  d urin g  th e  l a b e l l i n g  p r o c e s s .  The s p e c i f i c  a c t i v i t y  
was found tD be 18 mCi/mmol,
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2 .2  E x p e r im e n ta l  :
The proton  NMR sp ectru m  o f  th e  l a b e l l e d  p y rro le  was
th e  same a s  th a t  o f  th e  i n a c t i v e  m a t e r ia l ,  a l th o u g h  th e  f i n e
s t r u c t u r e  was l e s s  w e l l  r e s o lv e d .  The t r i t i u m  spectrum  showed 
l a b e l l i n g  t o  have occured  a t  b o th  th e  a -  and ^ - p o s i t i o n s ,  and 
from th e  i n t e g r a l s  o f  t h e  two peaks an e s t im a te  was made o f
56% a - l a b e l l i n g  and 44% ^ - l a b e l l i n g .
(b) 2 , 5 -D im eth y lp y r ro le
Samples o f  2 , 5 - d im e t h y lp y r r o le  were o b ta in e d  from th e
A ld r ich  Chemical Co. As in  th e  c a s e  o f  p y r r o le ,  th e  sam ples were 
brown in  co lo u r .  D i s t i l l a t i o n  a t  a tm o sp h er ic  p r e s s u r e  y i e ld e d  th e
compound a s  a p a le  y e l l o w  o i l  d i s t i l l i n g  a t  167-8°C. (L it .  B .p t .  
165*C a t  760mraHg, 170-2°C a t  765mmHg1 ) .  I t  was o b ta in e d  in  a 
c o l o u r l e s s  form when a s tr ea m  o f  n i t r o g e n  was p assed  through th e  
d i s t i l l a t i o n  ap paratu s .
The proton  NMR sp ectru m  o f  2 , 5 -d im e t h y lp y r r o le  was 
recorded  in  ds-DMSQ. The N-H p ro to n  was s e e n  a s  a broad fe a tu r e  
a t  a s h i f t  o f  9 . 8  ppm, th e  ^ -p r o to n s  o f  th e  p y r r o le  r in g  gave
r i s e  t o  a d o u b le t  a t  <S=5.5 ppm and th e  a -m ethyl groups were seen
a s  a sharp s i n g l e t  a t  <5'=2. 12 ppm.
The t r i t i a t i o n  o f  2 , 5 -d im e t h y lp y r r o le  was c a r r ie d  out in
DMSQ s o l u t io n .  S e v e r a l  sam p les  o f  t h e  compound were l a b e l l e d .  For 
d e t r i t i a t i o n  work a low a c t i v i t y  sample was adequate , o b ta in ed  by 
adding 3p l  o f  5 Ci/ml t r i t i a t e d  water and a t r a c e  o f conc. HC1 
t o  a s o l u t io n  o f  0 .5 g  o f  2 , 5 -d im e t h y lp y r r o le  in  1ml o f  DMSO.
Under t h e s e  c o n d i t io n s ,  m a te r ia l  o f  s p e c i f i c  a c t i v i t y  0 .5  mCi/mmol
was o b ta ined .
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Cc) 1 , 2 , 5 -T r im e th y lp y r r o le
Although a v a i l a b l e  co m m ercia lly ,  f i r s t  ex p er im en ts  w ith
1 , 2 , 5 - t r im e t h y lp y r r o le  were performed u s in g  a sample o b ta in e d  from  
N -m eth y la t io n  o f  2 , 5 -d im e t h y lp y r r o le .  The method used  was th a t  due
to  Heaney and Ley2 .
Crushed p o ta ss iu m  h ydrox id e  p e l l e t s  (4 .4 8 g )  were added t o  
40m ls o f  DKSO, which had been d r ie d  w ith  ty p e  4A m o lecu la r  s i e v e .  
A fte r  s t i r r i n g  fo r  5 m in utes ,  f r e s h l y  d i s t i l l e d  2 , 5 -d im e th y lp y r r o le
< l ,9 0 g )  was added and th e  m ixture was a l lo w ed  t o  s t i r  f o r  45 
m in utes .  N -M eth ylatlon  was a c h ie v e d  by th e  dropw ise  a d d i t io n  o f  
iodomethane <4.?0g) t o  th e  c o o le d  m ixture .
F o l lo w in g  th e  a d d i t io n  o f  th e  a lk y l  h a l i d e ,  th e  m ixture
was a l lo w ed  t o  s t i r  f o r  a fu r t h e r  45 m inutes . Water (40mls) was 
th en  added and th e  m ixtu re  was e x t r a c t e d  w ith  p o r t i o n s  o f  d i e t h y l  
e th e r  <5 x 3 0 m ls ) . The combined e t h e r  e x t r a c t s  were d r ie d  over  
anhydrous magnesium s u lp h a te  and th en  ev a p o ra ted .  Around 1 .5  mis o f
a red  o i l  remained. An i n f r a - r e d  spectrum  o f  th e  crude product  
was recorded  and showed no N-H s t r e t c h i n g  absorbance a t  3300cm-1 
i n d i c a t i v e  o f  com plete  N -m eth y la t io n .
P u r i f i c a t i o n  was a ch iev ed  by means o f  a d i s t i l l a t i o n  
under reduced p r e s su r e .  The 1 , 2 , 5 - t r im e t h y lp y r r o le  was found t o
d i s t i l  a t  25 -  2 7 4C a t  around 0 .1 5  t o r r .  A pproxim ate ly  1 .3 g  o f  
c o l o u r l e s s  d i s t i l l a t e  was o b ta in e d .  I t  was ob served  t h a t  sam ples  
o f  th e  c o l o u r l e s s  d i s t i l l a t e  r e v e r t e d  t o  a y e l lo w  c o lo u r  in  a 
m atter  o f  m inutes  i f  th e y  were exposed  t o  a i r .
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The proton  FMR sp ectru m  o f  1 ,2 ,  5 ~ tr im e th y lp y r r o le  was 
record ed  in  ds -DMS0 and showed th e  ex p e c te d  th r e e  s i n g l e t s  w ith
i n t e g r a l s  in  th e  r a t i o  2 : 3 : 6 .  That due t o  th e  J3-protons was
s e e n  a t  a s h i f t  o f  £ = 5 .5 8  ppm, th e  F-m ethyl group was seen  a t  
£ = 3 .3 0  w h ile  th e  a -m eth y l  g ro u p s  l e d  t o  a s i g n a l  a t  £ = 2 .11 .
The t r i t l a t i o n  o f  1 , 2 , 5 - t r i m e t h y l p y r r o l e  was a l s o  c a r r ie d  
out more than once d u r in g  t h e  c o u r s e  o f  th e  work. The p r o c e s s
was c a r r ie d  out In d io x a n  s o l u t i o n .  Around 0. l g  o f  th e  p y r r o le  
was d i s s o l v e d  in  0 .5 m ls  o f  d io x a n ,  3p l o f  50Ci/ml t r i t i a t e d  water  
was added fo l lo w e d  by a t r a c e  o f  1M HC1. The e x t r a c t io n  was
c a r r i e d  out a f t e r  24 hours and t h e  s p e c i f i c  a c t i v i t y  o f  th e
product was found t o  be 0 ,4  raCi/raraol, which was adequate fo r
d e t r i t i a t i o n  work.
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(d) 2 , 4 ~ D im e t h y l - 3 - e th y lp y r r o le  (K ryp top yrro le )
A sample o f  k r y p to p y r r o le  (1) was o b ta in ed  from th e  
A ld r ich  Chemical Co. a s  a dark purple-brow n l i q u i d .
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<1)
A p o r t io n  (0 .5 g )  o f  th e  commercial sample was p u r i f i e d  
by d i s t i l l a t i o n  under vacuum. A sm a l l  amount o f  a brown component 
was seen  t o  d i s t i l  f i r s t .  The k r y p to p y r r o le  was found t o  d i s t i l  
a t  32 -  34*C a t  a p r e s s u r e  o f  0 .0 9  t o r r  and was c o l l e c t e d  a s  a
c o l o u r l e s s  l i q u i d .  A c o n s id e r a b le  q u a n t i t y  o f  a b la ck  t a r - l i k e  
r e s id u e  remained in  t h e  f l a s k .  When th e  vacuum was removed th e  
apparatus was f l u s h e d  w ith  n i t r o g e n ,  The p u r i f i e d  k ry p to p y rro le  was 
removed and s t o r e d  in  th e  dark under n it r o g e n .  When th e  apparatu s
was opened t o  th e  a i r ,  th e  c h a r a c t e r i s t i c  purple-brown c o lo u r  o f  
th e  o x id a t io n  product o f  th e  p y r r o le  r a p id ly  appeared throughout  
th e  system .
The proton  NMR sp ectru m  o f  k ry p to p y rro le  was record ed  in
CDCL-s s o l u t i o n .  I t  showed a broad N-H s i g n a l  a t  £ = 7 .3 ,  a s i n g l e t  
a t  £=6 .25  due to  th e  • r i n g  p ro to n ,  two s i n g l e t s  a t  £=2 .0  and 2 .1  
due to  th e  methyl groups and th e  c h a r a c t e r i s t i c  q u a r te t  and
t r i p l e t  o f  an e t h y l  s u b s t i t u e n t  a t  £=2 .3  and £ = 1 .0  r e s p e c t i v e l y .
L a b e l l in g  w ith  t r i t i u m  was a c h ie v e d  by adding  l p l  o f  
t r i t i a t e d  water (5Ci/ml> tD 0 . l g  o f  th e  c o l o u r l e s s  d i s t i l l a t e  in  
0 .5  mis o f  d ioxan . Exchange was found t o  occur i n  th e  ab sen ce  o f  
an a c id  c a t a l y s t .  During th e  c o u rse  o f  th e  m a n ip u la t io n s ,  some 
darken ing  o f  th e  compound was i n e v i t a b l e .  The l a b e l l e d  k r y p to p y rro le  
was tak en  up in  d i e t h y l  e t h e r  and was o b ta in e d  a f t e r  washing, 
d ry in g  and e v a p o r a t io n  o f  th e  e x t r a c t .  The s p e c i f i c  a c t i v i t y  o f  
th e  sample was e s t im a te d  t o  be 0 .1 8  mCi/mmol.
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The compounds d e s c r ib e d  in  S e c t io n  2 . 2 . 1  are th e  o n ly
s u i t a b l e  a lk y lp y r r o le s  a v a i l a b l e  co m m erc ia lly .  In th e  e a r ly  s t a g e s  
o f  t h i s  work, th e  aim was t o  s y n t h e s i s e  and s tu d y  a v a r i e t y  o f  
a l k y lp y r r o le s  and a number o f  l i t e r a t u r e  p r e p a r a t io n s  were 
attem pted .
(a) P rep a ra t io n  o f  2 , 4 -D im e th y lp y r r o le
An attem pt was made t o  prep are  a sample o f  2 , 4 -d im e th y l -
p y r r o le  u s in g  th e .  method o f  F i s c h e r 3 , w ith  th e  m o d i f i c a t io n s  o f  
Corwin and QuattlebaumL E th y l  a c e t o a c e t a t e  (39g) was mixed w ith  
g l a c i a l  a c e t i c  a c id  <90mls> i n  a round-bottom ed f l a s k .  The m ixture  
was c o o le d  in  an i c e - s a l t  m ix tu re  and sodium n i t r i t e  <10 . 7g) was 
added dropwise in  th e  form o f  a s a t u r a te d  aqueous s o l u t io n .  The 
a d d i t io n  was c a r r ie d  out o v er  a 3 hour p er io d .  The m ixture was 
s t i r r e d  fo r  h a l f  an hour and th en  a l lo w e d  to  warm up to  room 
tem perature over an oth er  p e r io d  o f  3 hours. In t h i s  f i r s t  s t a g e  o f  
th e  p r o c e s s ,  th e  e t h y l  a c e t o a c e t a t e  r e a c t s  w ith  n i t r o u s  a c id  to  
g iv e  a n i t r o s o  in t e r m e d ia te  a s  shown below:
CHaCOCHaCOaEt + HNCfl 4 CHaC0CH<I0)C0aBt + H:20
T his  i s  th en  reduced by th e  a d d i t i o n  o f  powdered z in c :
CHaCOCH (ITO) COsBt + 4CH3 4 CHaCOCH <FH2 ) CCbEt + H*0
F is c h e r s  method o f  adding z i n c  d u s t  t o  th e  s o l u t i o n  o f  the  
n i t r o s o  compound was improved by Corwin and Quattlebaunty, who found
th a t  b e t t e r  r e s u l t s  were o b ta in e d  when th e  s o l u t i o n  was added 
dropwise t o  a s o l i d  m ix tu re  o f  z i n c  d u st  and sodium a c e t a t e .
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2 . 2 . 2  A tte m p te d  S y n th e s e s  o f  O th e r  A l k y l p y r r o l e s
The l a t t e r  procedure  was fo l lo w e d ;  z i n c  d u st  (20g) and 
sodium a c e t a t e  (20g> were mixed and p la c ed  in  a th r e e -n e c k e d  
f l a s k .  The s o l u t i o n  o f  th e  n i t r o s o  compound was added dropw ise ,  
r e s u l t i n g  in  a v ig o r o u s  r e a c t i o n  c a u s in g  th e  s o l u t i o n  t o  b o i l .  
When th e  a d d i t io n  was com p le te ,  th e  m ixture was r e f l u x e d  fo r  an 
hour and th en  th e  h o t  s o l u t i o n  was poured i n t o  ' a l i t r e  o f  c o ld  
w ater. The p y r r o le  r in g  i s  c r e a te d  by th e  p r o c e s s  shown below :
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0 0 OH 0 0 OH
II II I II II I
CHaC-CH-C-OEt f-4 CH3C=C-C-0Et (-4 CHaC-C=C-0Et
I I I
NHa NH:2 NHs
(i> The ta u to m e r ic  e q u i l ib r iu m  o f  th e  a-am inoketone
CHaC-OH
II
C
o=cr
I
Eto
H-C-COaEt
II
C-CHa
HO
+ 2Ha0
( i i )  C ondensation  o f  th e  a -am inoketone w ith  e t h y l  a c e t o a c e t a t e
The aqueous s o l u t i o n  was a l lo w ed  t o  s ta n d  o v e r n ig h t  and 
y e l lo w  c r y s t a l s  were d e p o s i t e d  ( 2 , 4 - d i m e t h y l - 3 ,5 - d i c a r b e t h o x y p y r r o l e ) . 
These were f i l t e r e d ,  washed w ith  c o ld  water and d r ie d  an th e  
f i l t e r  paper. About 22g o f  crude product were o b ta in e d ,  around 60% 
o f  th e  t h e o r e t i c a l  y i e l d .
Tlie crude product was th en  mixed w ith  p o ta s s iu m  h ydroxide
p e l l e t s  (50g) and w ater <20mls) was added. The s o l u t i o n  was r e f lu x e d  
fo r  2 hours b e fo r e  steam  was in tr o d u c e d  t o  d i s t i l  th e  product.  
Steam d i s t i l l a t i o n  was a l lo w e d  t o  p roceed  u n t i l  600ml o f  aqueous
d i s t i l l a t e  had been c o l l e c t e d .  T h is  was e x t r a c t e d  w ith  p o r t i o n s  o f
i
d i e t h y l  e th e r  <50mls + 5 x 2 0 m ls ) , E ther  e x t r a c t s  were d r ie d  o v er
p o ta ss iu m  carb on ate  and th en  ev a p o ra ted .  Around 1 i ll  o f  a dark red
v i s c o u s  m a te r ia l  remained. When d i s t i l l a t i o n  was a t tem p ted ,  th e  
m a te r ia l  darkened and became more v i s c o u s ,  and no product was
o b ta in ed ,
(b> P re p a r a t io n  o f  2 , 3 , 5 -T r im e th y lp y r r o le
The s t r a t e g y  a ttem p ted  f o r  p rep ar in g  2 , 3 , 5 - t r im e t h y lp y r r o le  
was fo r m y la t lo n  o f  2 , 5 -d im e t h y lp y r r o le  a t  th e  3 - p o s i t i o n ,  f o l lo w e d  
by r e d u c t io n  w ith  l i t h iu m  te tr a h y d r o a lu m in a te  <I I I >. T h is  method was 
d e s c r ib e d  by Hinman and T heodoropu los5 .
Phosphorous o x y c h lo r id e  (8.5g> was added d rop w ise  and w ith  
s t i r r i n g  t o  DHF ( 5 g ) , in  a th r e e -n e c k e d  f l a s k  f i t t e d  w ith  a CaCla 
f i l l e d  d ry in g  tu b e .  An ex o th erm ic  r e a c t i o n  occurred  and th e  POCls. 
had t o  be added over  a p e r io d  o f  30 m inutes , t o  p rev en t  th e
tem perature from e x c e e d in g  2 5 "C. When th e  a d d i t io n  was co m p le te ,  th e  
m ixture was s t i r r e d  f o r  a f u r t h e r  30 m inutes  b e fo r e  a s o l u t i o n  o f  
f r e s h l y  d i s t i l l e d  2 , 5 -d im e t h y lp y r r o le  (4 .3g> in  DMF <1.0g> was added  
dropw ise . T h is  r e s u l t e d  in  t h e  immediate form ation  Df a s t r o n g  red
c o lo u r a t io n .  As more o f  th e  p y r r o le  s o l u t i o n  was added, th e  c o lo u r  
darkened and th e  r e a c t i o n  m ix tu re  became dark brown and v i s c o u s ,
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I t  was then h ea ted  a t  5 0 °G f o r  30 m inutes  which rendered i t  more 
m obile .  The m ixture was th en  poured onto  50g o f  i c e .  A s o l u t i o n
o f  sodium h ydroxide  <ca ,60m ls  o f  a 20% s o l u t i o n )  was added and th e  
m ixture was b o i l e d  f o r  1 m inute. I t  was th en  f i l t e r e d ,  a l lo w ed  t o
c o o l  and e x t r a c t e d  w ith  d i e t h y l  e t h e r  <5 x 2 0 m ls ) . E vaporation  o f  
th e  combined, d r ie d  e t h e r  e x t r a c t s  a f f o r d e d  a y e l lo w  s o l i d ,
2 , 5 - d im e t h y l - 3 - f o r m y lp y r r o le . The m e lt in g  p o in t  o f  th e  crude m a te r ia l  
was found t o  be 139 -  142°C, (L i t .  144 -  1 4 4 .5 0C5 ) .  The y i e l d  was
2 .4 4  g, 44% o f  th e  t h e o r e t i c a l  maximum. An i n f r a  red  spectrum  was 
recorded  and showed a s t r o n g  a b s o r p t io n  a t  1630 cm- 1 , con firm in g  
th e  p resence  o f  a c a r b o n y l  fu n c t io n .
The c o n v e r s io n  o f  2 , 5 -d im e t h y l -3 - fo r m y lp y r r o le  t o  th e
req u ired  2 , 3 , 5 - t r i m e t h y l p y r r o l e  was c a r r i e d  out by r e d u c t io n  w ith
l i th iu m  te tr a h y d r o a lu m in a te  ( I I I )  in  te tra b y d ro fu ra n  (THF).
T etrahydrofuran  was d i s t i l l e d  b e fo r e  use  and a p o r t io n
d i s t i l l i n g  a t  67®C was c o l l e c t e d .  L ith ium  te tra h y d ro a lu m in a te  ( I I I ) ,  
(1 .2 5 g )  was added t o  50 m is o f  THF, fo l lo w e d  by 2g o f  th e  crude
3-form yl compound. The f l a s k  was th en  f i t t e d  w ith  a condenser  and
a CaCls f i l l e d  guard tu b e  and th e  m ixture was r e f lu x e d  f o r  24
hours. The r e s id u a l  LiAlE* was th en  decomposed by th e  a d d i t io n  o f
1 ml o f  w ater, 1 ml o f  d i l u t e  NaOH and a fu r t h e r  3 mis o f  w ater .  
Inorgan ic  s o l i d s  were f i l t e r e d  o f f  and th e  f i l t r a t e  was e x t r a c t e d
w ith  d ie t h y l  e t h e r .  The d r ie d  e x t r a c t  was evap orated  t o  a volume
o f  ca. 1 ml and th en  d i s t i l l e d  u s in g  a Buchi bulb d i s t i l l a t i o n  
apparatus. The 2 , 3 , 5 - t r i m e t h y l p y r r o l e  was o b ta in e d  in  very  low y i e l d  
a s  a c o l o u r l e s s  l i q u i d ,  d i s t i l l i n g  below 1 5 0 ’C a t  around 15 mmHg.
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In order to  compare r a t e s  Df hydrogen i s o t o p e  exchange  
a t  th e  <x~ and J 3 -p b s it io n s  o f  t h e  p y r r o le  r in g ,  i t  was in ten ded
t o  examine 1 , 3 , 4 - t r im e t h y lp y r r o le  t o  complement th e  work c a r r ie d
out w ith  1 , 2 , 5 - t r im e t h y lp y r r o le .  The N -m eth y la t io n  o f  3 , 4 -d im eth y1 -  
p y rro le  to  y i e l d  The 1 , 3 , 4 - t r i m e t h y l -  d e r i v a t i v e  sh o u ld  have been  
s tr a ig h t f o r w a r d  u s in g  th e  Heaney and Ley2 method, but th e  p recu rso r ,
3 , 4 - d im e t h y lp y r r o le , proved t o  be a v er y  d i f f i c u l t  t a r g e t  m olecu le .
The method ch osen  t o  p rep are  3 , 4 -d im e th y lp y r r o le  was th a t  
due to  Ichimura, Ichikawa and Imamura6 . T h is  i n v o l v e s  th e  a d d i t io n  
o f  2 , 3 -d im eth y lb u ta d ien e  t o  an N - s u l f i n y l  compound formed by th e
r e a c t io n  o f  t h io n y l  c h l o r i d e  w ith  u re th a n e .  The r e s u l t i n g  t h i a z i n e  
d e r i v a t i v e  i s  co n v er ted  t o  3 , 4 -d im e t h y lp y r r o le  by th e  a c t io n  o f  
m eth an o lic  p o tass ium  hydroxide:
CHa
^ C S
Et0aC-N=S40 F |
CHa ^ C H a
Care was tak en  t o  p u r i f y  and dry th e  r e a g e n ts  b e fo r e  
a ttem p tin g  th e  p rep a ra t io n .  T h io n y l  c h l o r i d e  was d i s t i l l e d  a t  
atm ospheric  p res su re  and was c o l l e c t e d  a t  77 -  7 8 °C. Analar grade  
benzene was s to r e d  over f r e s h l y  d is p e n s e d  sodium wire and p y r id in e  
was s to r e d  over p o ta ss iu m  h y d ro x id e  p e l l e t s .
The r e a c t io n  was c a r r i e d  out a s  f o l l o w s .  Urethane (27. lg )  
was d i s s o l v e d  in  dry benzene (150ml) in  a th r e e -n e c k e d  l i t r e  f l a s k .
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(c) Attempted Preparation of 3,4-Dimethylpyrrole
<23 .9g) and f r e s h l y  d i s t i l l e d  t h i o n y l  c h lo r id e  < 3 6 . lg )  were added
s im u lt a n e o u s ly  by means o f  dropping f u n n e ls .  Heat was e v o lv e d  and 
th e  a d d i t io n  was c a r r i e d  out over  a 45 minute p e r io d .  The m ixture
became somewhat y e l l o w  a t  t h i s  s t a g e .  I t  was s t i r r e d  a t  room
tem perature  fo r  an hour. Then 2 , 3 -d im e th y lb u ta d ie n e  <25g> was added 
in  qne p o r t io n .  There was an immediate change t o  a green-brown  
c o lo u r .  The m ixture was r e f lu x e d  f o r  30 m inutes  and th en  l e f t  t o
s ta n d  o v e r n ig h t .  The s o l u t i o n  tu rn ed  dark brown and a la r g e  amount 
o f  p y r id in e  h y d r o c h lo r id e  was d e p o s i t e d .  T h is  was f i l t e r e d  o f f  and
washed w ith  f r e s h  benzene u n t i l  i t  was a lm ost w h ite .  The combined  
f i l t r a t e s  were th en  r o t a r y  e v a p o ra ted  t o  y i e l d  a brown o i l ,
2 -e th o x y c a r b o n y l-3 ,  6 - d i h y d r o - 4 , 5 - d i m e t h y l - 1 , 2 - t h i a z i n e - l - o x i d e .
To t h i s  r e s id u e  p o ta ss iu m  h ydroxide  p e l l e t s  (135g) and
methanol <300mls) were added. The s o l u t i o n  was r e f lu x e d  f o r  2 hours
and th en  much o f  th e  methanol was d i s t i l l e d  o f f .  Steam was th en  
in tr o d u c e d  and th e  s o l u t i o n  was steam  d i s t i l l e d  f o r  6 hours. A 
b r ig h t  y e l lo w  d i s t i l l a t e  was o b ta in e d .  T h is  was e x t r a c t e d  w ith  
d ie t h y l  e t h e r  <3 x 50 m is) r e s u l t i n g  in  a y e l lo w  e t h e r e a l  s o l u t i o n
and a g reen  c o l o u r a t i o n  in  th e  aqueous la y e r .  The combined e th e r
e x t r a c t s  were washed w ith  w ater <3 x lOOmls) and th en  d r ie d  over  
anhydrous magnesium s u lp h a te .  E vaporation  r e s u l t e d  in  a few mis o f
a brown o i l y  l i q u i d .  However, t h i s  product was v ery  impure, and 
th e  odour o f  hydrogen s u lp h id e  was apparent. An a ttem p t t o  d i s t i l  
th e  crude m a te r ia l  r e s u l t e d  in  apparent p o ly m e r i s a t io n  and o n ly  a
t r a c e  o f  a c o l o u r l e s s  d i s t i l l a t e .
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The solution was stirred rapidly and cooled in Ice. Pyridine
2 . 2 . 3  The P rep a ra t io n  and T r l t l a t i o n  o f  N -P h e n y l-2 ,5 -D lm e th y lp y r r o le s  
In v iew  o f  th e  f a i l u r e  t o  o b ta in  s a t i s f a c t o r y  y i e l d s  o f  
th e  a lk y lp y r r o le s  d e s c r ib e d  in  S e c t i o n  2 .2 ,  i t  was d ec id ed  t o  s tu d y  
J T -p h e n y l-2 ,5 -d im eth y lp y rro le s .  These compounds are c o n s id e r a b ly  more 
s t a b l e  than th e  a l k y l p y r r o l e s  and a re  g e n e r a l l y  s o l i d s  a t  room
tem perature . The N-phenyl d e r i v a t i v e s  a re  s u s c e p t i b l e  t o  some a e r i a l  
o x id a t io n ,  but b e in g  c r y s t a l l i n e  s o l i d s  th e y  can be r e c r y s t a l l i s e d  
a s  o f t e n  a s  i s  n e c e s s a r y ,  s o  t h e i r  i n s t a b i l i t y  i s  n ot a problem,
Two N -p h e n y l -2 ,5 - d im e t h y lp y r r o le s  were found t o  be com m ercia lly  
a v a i l a b l e ,  namely l - p h e n y l - 2 , 5 - d i m e t h y l p y r r o l e  and 1 - < 4 - a c e ty lp h e n y l ) -
2 , 5 -d im e th y lp y r r o le .  Other compounds were prepared by a Paal-Knorr  
con d en sa t io n  r e a c t i o n  o f  h e x a n e - 2 , 5 -d io n e  (a c e to n y la c e to n e )  w ith  
v a r io u s  a n i l i n e  d e r i v a t i v e s .  T h is  r e a c t i o n  was d e s c r ib e d  by B ishop7
in  1945, and more r e c e n t l y  by Bruekelman e t  a l Q, who d e s c r ib e d
th e  co n v er s io n  t o  2 , 5 -d im e t h y lp y r r o le  d e r i v a t i v e s  a s  a means o f  
p r o t e c t in g  primary am ines.
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X
A s e r i e s  o f  e i g h t  p a r a - s u b s t i t u t e d  compounds was s tu d ie d  
f i r s t ,  then  compounds w ith  more th an  one s u b s t i t u e n t  on th e  phenyl 
r in g  were examined.
The ex p er im en ta l  procedure fo r  th e  p r e p a r a t io n  o f  ff-phenyl  
- 2 , 5 - d im e t h y lp y r r o le s  i s  d e s c r ib e d  h ere  in  d e t a i l  f o r  l - (4 -b r o m o -
p h e n y l> -2 ,5 -d im e t h y lp y r r o le .  S l i g h t  m o d i f i c a t io n s  were found n e c e s sa r y  
t o  o b ta in  c e r t a i n  o th e r  d e r i v a t i v e s  and th e  e x p er im en ta l  d e t a i l s  
a re  su b se q u en t ly  summarised f o r  each  o f  t h e  compounds.
P rep a ra t io n  o f  1 - < 4 -B r o m o p h e n y l) -2 ,5 -d im eth y lp y rro le  :
The procedure f o l lo w e d  was t h a t  d e s c r ib e d  by Bruekelman  
e t  al®. H ex a n e -2 ,5 -d io n e  <4.1g) was added t o  a s o l u t i o n  o f  4-bromo 
- a n i l i n e  (6 .2 g )  In 50mls o f  dry to lu e n e ,  t o g e t h e r  w ith  0 .5  ml o f  
g l a c i a l  a c e t i c  a c id .  The f l a s k  was f i t t e d  w ith  a Dean-Stark head 
and a condenser, and h ea ted  under r e f l u x  f o r  4 hours. At f i r s t ,  th e  
tem perature  o f  th e  vapour was 85 aC, but a s  w ater  was removed from  
th e  a z e o tr o p ic  system , i t  in c r e a s e d  s lo w ly  t o  1 1 0 .5°C, th e  b o i l i n g  
p o in t  o f  t o lu e n e .  The r e q u i s i t e  volume o f  w ater, i n d i c a t i v e  o f  a
com plete  r e a c t io n ,  was c o l l e c t e d  in  about 3 hours.
■ The r e a c t i o n  m ixture was th en  a l lo w ed  t o  c o o l ,  b e fo r e  
b e in g  d i l u t e d  w ith  d i e t h y l  e t h e r  ClOOmls), I t  was th en  t r a n s f e r r e d  
t o  a s e p a r a t in g  fu n n e l  and washed w ith  2M h y d r o c h lo r ic  a c id ,
(3 x 50 m ls) ,  b r in e  (2 x 5 0 m ls ) , sodium b ic a r b o n a te  s o l u t i o n  <3 x 50mls> 
and fu r th e r  b r in e  <2 x 50 m ls) .  The e t h e r / t o l u e n e  s o l u t i o n  was th en  
d r ie d  over anhydrous magnesium s u lp h a te  and r o t a r y  ev ap orated . The 
product was d e p o s i t e d  by adding w ater t o  c o n c e n tr a te d  s o l u t i o n .
I t  was then  f i l t e r e d  o f f  a s  a brown c r y s t a l l i n e  m a t e r ia l .  The
compound was r e c r y s t a l l i s e d  tw ic e  from m ethanol, which r e s u l t e d  in  
very  p a le  y e l lo w  c r y s t a l s  w ith  m e lt in g  p o in t  7 0 - 7 1 °C. (L i t .  7 4 - 7 5 ’>C9 )
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I. Itano-Substituted F-Phenyl-2,5-dimethylpyrroles
e i g h t  m o n o -su b s t itu ted  l - p h e n y l - 2 , 5 - d im e t b y lp y r r o le  d e r i v a t i v e s  j
(a) 1 - (4 -N itr o p h e n y l> - 2 , 5 -d im e t h y lp y r r o le
The procedure d e s c r ib e d  above was c a r r ie d  out u s in g  
h e x a n e -2 ,5 -d io n e  and 4 - n i t r o a n i l i n e ,  but no water was c o l l e c t e d
during  8 hours o f  r e f l u x .  The r e a c t i o n  o f  th e  d ik e to n e  with  th e
w eakly b a s i c  4 - n i t r o a n i l i n e  was n o t  c a t a ly s e d  by a c e t i c  a c id .
The d e s ir e d  r e a c t i o n  h a s  been d e s c r ib e d  by Zeng e t  a l 9
who used  p - t o l u e n e s u l f o n i c  a c i d  a s  th e  c a t a l y s t .  T his procedure was
adopted and i t  worked v ery  w e l l .  H e x a n e -2 ,5 -d io n e  (1 .76g> , 4 - n i t r o ­
a n i l i n e  ( 2 . 13g) and p - t o l u e n e s u l f o n i c  a c i d  (4mg) were r e f lu x e d  in
50mls o f  t o lu e n e  fo r  4 hours and around 0 .5 m ls  o f  water were 
c o l l e c t e d .  E x tr a c t io n  was c a r r i e d  out a s  d e s c r ib e d  above fo r  th e  
bromo- analogue.
The product was o b ta in e d  a s  a y e l lo w -g r e e n  s o l i d ,  w ith
m e lt in g  p o in t  144 -  145*C. ( L i t .  v a l u e s  145 -  14 6 0C9 ' 10) .  The proton  
NMR spectrum  o f  th e  p roduct in  ds-DMSO s o l u t i o n  showed the  
c h a r a c t e r i s t i c  p a ir  o f  d o u b le t s  o f  a p a r a - s u b s t i t u t e d  phenyl r in g .  
These were a t  s h i f t s  o f  £ = 8 .3 7 2  /  8 .3 4 3  and 7 .6 1 1  /  7 .5 8 2  ppm.
The j3-protons o f  th e  p y r r o le  r i n g  gave r i s e  t o  a s i n g l e t  a t
5 .8 9  ppm and th e  a -m eth y l  groups were se e n  a s  a s i n g l e t  a t
2 .0 5  ppm. I n t e g r a l s  were in  t h e  c o r r e c t  r a t i o ,  2 : 2 : 2 : 6.
-5 1 -
Experlmental details are now given for the series of
T h is  compound was prepared  e x a c t l y  a s  d e s c r ib e d  in  th e
example, u s in g  5g o f  4 -a m in o b e n z o n i t r i l e  and 4 .9 g  o f  th e  d ik e to n e .
I t  was o b ta in e d  a s  o f f - w h i t e  c r y s t a l s ,  m e lt in g  p o in t  98 -  9 9 "C.
No l i t e r a t u r e  v a lu e  was found f o r  com parison.
The proton  NMR spectrum , i n  ds-DMSO s o l u t i o n ,  showed two 
m u l t i p l e t s  in  th e  a rom atic  r e g io n ,  a t  6 = 8 .0 0 9  /  8 .0 0 3  /  7 .9 8 7  /  7 .9 8 1  
and 6=7 .523  /  7 .5 1 8  /  7 .5 0 2  /  7 .4 9 6  ppm. The p y r r o le  0 -p r o to n s  were 
se e n  a t  6 = 5 .8 6  ppm and th e  a -m eth y l  groups a t  2 .0 1  ppm. I n t e g r a l s
were i n  t h e  r a t i o  2 ; 2 : 2 : 6.
(c )  1 - (4 - A c e t y lp h e n y l ) - 2 ,5 - d im e t h y lp y r r a le
A sample o f  1 - ( 4 - a c e t y lp h e n y l> - 2 , 5 -d im e t h y lp y r r o le  was 
o b ta in e d  from L a n ca ster  S y n t h e s i s .  R e c r y s t a l l i s a t i o n  from methanol 
r e s u l t e d  i n  w h ite  c r y s t a l s  w ith  m e lt in g  p o in t  104 -  105°C. T h is  i s
n o ta b ly  low er than  a l i t e r a t u r e  v a lu e  o f  110 -  1 1 0 .5 ’C7 .
The p ro ton  NMR spectrum  showed o n ly  th e  e x p ec ted  s i g n a l s ,  th e  two
arom atic  d o u b le t s  a t  6=8 .097  /  8 .0 6 9  and 7 .4 4 1  /  7 .4 1 3 ,  th e  p y r r o le
0 - p o s i t i o n s  a t  6 = 5 .8 4 ,  th e  a c e t y l  CHa a t  6 = 2 .6 4  and t h e  a -m ethyl  
groups a t  2 .0 0  ppm.
(d) 1 - (4 - T r if lu o r o m e th y lp h e n y l ) -2 ,  5 -d im e th y lp y r r o le
T h is  compound was prepared a s  d e s c r ib e d  f o r  th e  bromo-
compound, u s in g  4 - a m in o b e n z o tr i f lu o r id e  (5 .3g> and 3 .8 g  o f  th e  
d ik e t o n e .  F o l lo w in g  th e  r e a c t i o n ,  th e  product d id  not r e a d i l y
c r y s t a l l i s e .  C r y s t a l s  were o n ly  d e p o s i t e d  a f t e r  l e a v in g  th e  crude
product in  a r e f r i g e r a t o r  f o r  s e v e r a l  d ays. These were f i l t e r e d
o f f  and r e c r y s t a l l i s e d  from m ethanol.
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(b> 1- <4-Cyanophenyl)-2, 5-dimethylpyrrole
Imm ediately a f t e r  r e c r y s t a l l i s a t i o n ,  1 - ( t r i f lu o r o m e t h y lp h e n y l ) -
2 , 5 -d im e th y lp y r r o le  was o b ta in e d  a s  a lm ost  c o l o u r l e s s  c r y s t a l s ,  but
a y e l lo w  c o lo u r  soon  d ev e lo p ed .  The m e lt in g  p o in t  was found t o  be
65 -  66 °C. Fo l i t e r a t u r e  v a lu e  was found f o r  com parison. The proton  
FKR spectrum  was s a t i s f a c t o r y ,  th e  p a ir  o f  arom atic  d o u b le t s  b e in g  
a t  £=7 .895  /  7 .8 6 7  and '£ = 7 .5 4 4  /  7.517ppm. The p y r r o le  f i -p ro to n s  were 
a t  £= 5 .86  ppm and t h e  a -m eth y l  groups a t  £=2 .01  ppm.
(e )  1 - (4 -B r o m o p h e n y l) -2 ,5 -d im e th y lp y r r o le
The p r e p a r a t io n  o f  t h i s  compound i s  d e s c r ib e d  i n  d e t a i l
on p . 51. The m e lt in g  p o in t  was measured a s  70 -  7 1 °C, compared t o
l i t e r a t u r e  v a lu e s  o f  74 -  7 5 ‘>C9 ' 10 . The proton  FMR spectrum  showed  
on ly  th e  ex p ec ted  s i g n a l s .  The d o u b le t s  o f  th e  phenyl r i n g  were
seen  a t  s h i f t s  o f  £ = 7 .7 0 6  /  7 .6 7 7  and 7 .2 4 5  /  7 .2 1 6  ppm, and th e
s i n g l e t s  due t o  t h e  p y r r o le  f i -p ro to n s  and a-m ethyl groups were a t  
£=5.81 and 1 .9 7  ppm r e s p e c t i v e l y .  I n t e g r a l s  were in  th e  c o r r e c t
r a t i o  o f  2 : 2 : 2 : 6.
( f )  l - P h e n y l - 2 ,5 - d im e t h y lp y r r o le
A sample o f  t h i s  compound was purchased from L a n ca ster
S y n t h e s is .  On r e c r y s t a l l l s i n g  a p o r t io n  from e th a n o l ,  a p a le  brown
c r y s t a l l i n e  product was o b ta in e d  w ith  m e lt in g  p o in t  52 -  53*0. A 
l i t e r a t u r e  v a lu e  f o r  th e  m e lt in g  p o in t  i s  51 -  5 2 *C9 .
The proton  FMR sp ectru m  was record ed  in  d«-DMS0 s o l u t i o n .  
A complex p a t te r n  was s e e n  in  th e  arom atic  r e g io n ,  between £ = 7 .2
and £=7 .6  ppm, a p p r o p r ia te  f o r  a m o n o -s u b s t i tu te d  benzene r in g .
The j3-protons o f  th e  p y r r o le  r i n g  were se e n  a s  a s i n g l e t  a t  
£=5 .90  ppm and t h e  a -m eth y l  groups were seen  a t  £ = 2 .0 4  ppm.
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(g) 1 - (M eth ylph en yl> - 2 , 5 -d im e t h y lp y r r o le
The c o n d e n sa t io n  r e a c t i o n  was c a r r ie d  out u s in g  equiroolar  
amounts o f  p - t o l u id i n b  and h e x a n e -2 ,5 - d lo n e  and a near q u a n t i t a t i v e  
y i e l d  was o b ta in e d .  The p roduct was o b ta in e d  a s  s m a l l ,  a f f - w h i t e  
c r y s t a l s  w ith  m e lt in g  p o in t  42 -  4 3 °C. A l i t e r a t u r e  v a lu e 9 o f  4 5 .5  -  
46.5°C  has been r e p o r te d .
The p ro ton  NMR spectrum , i n  ds-DMSO s o l u t i o n ,  showed o n ly  
th e  re q u ired  s i g n a l s  w ith  a p p r o p r ia t e  i n t e g r a l s .  Two d o u b le t s  were 
seen  a t  £=7 .311  /  7 .2 8 4  ppm and 7 .1 2 1  /  7 .0 9 4  ppm due t o  th e  phenyl
r in g ;  th e  p y r r o le  jB-protons gave r i s e  t o  a s i n g l e t  a t  5 .7 8  ppm,
th e  para- methyl group gave a s i n g l e t  a t  2 .3 7  ppm and th e  o -  
methyl groups le d  t o  a s i n g l e t  a t  1 .9 4  ppm.
(h) 1 - <4-M ethoxyphenyl)-2 , 5 -d im e th y lp y r r o le
T h is  compound was prepared  e x a c t l y  a s  d e s c r ib e d  f o r  th e
bromo- d e r i v a t i v e ,  u s in g  p - a n i s i d i n e  <6.2g) and h e x a n e -2 , 5 -d io n e  (5 .7 g > .  
I t  was o b ta in e d  a s  sm a ll  o f f - w h i t e  c r y s t a l s .  The m e lt in g  p o in t  was 
measured a s  5 9 - 6 0 ’C, compared t o  a l i t e r a t u r e  v a lu e  o f  6 0 -6 1 'C 1 1 , 
The proton  NMR in  de-DMSO s o l u t i o n  showed th e  c h a r a c t e r i s t i c  p a ir
o f  d o u b le t s  in  th e  a rom atic  r e g io n ,  a t  £=7 .170  /  7 .1 4 1  ppm and 
£=7.052  /  7 .0 2 3  ppm, o f  a p a r a - s u b s t i t u t e d  benzene r in g .  The methoxy  
p roton s  were see n  a s  a s i n g l e t  a t  £=3.81  ppm w h i le  th e  p y r r o le  
jB-protons and cx-methyl s u b s t i t u e n t s  gave r i s e  t o  two s i n g l e t s ,  
a t  £= 5 .7 6  and 1 .9 4  ppm r e s p e c t i v e l y .
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A number o f  H T -p h en y l-2 ,5 -d im eth y lp y rro les  w ith  more than
one a c t i v a t i n g  s u b s t i t u e n t  on th e  phenyl r in g  were prepared by 
th e  co n d en sa t io n  o f  h e x a n e - 2 ,5 - d io n e  w ith  d i -  and t r i - s u b s t i t u t e d  
a n i l i n e s .  The p r e p a r a t io n s  were g e n e r a l l y  c a r r i e d  out a s  d e s c r ib e d  
fo r  1 - (4-bfom ophenyl)- 2 ,  5 -d im e t h y lp y r r o le  ( p .5 1 ) .
(a) 1— <2* ,.4*-D im e th y lp h e n y l> - 2 , 5 -d lm e t h y lp y r r o le
T his  compound was p rep ared  from 2 , 4 - d im e t h y l a n i l i n e  <4.0g> 
and h e x a n e -2 ,5 -d io n e  ( 3 . 8 g ) ,  u s in g  0 .5 m ls  o f  g l a c i a l  a c e t i c  a c id  a s  
th e  c a t a l y s t .  The e x t r a c t i o n  procedu re  was c a r r i e d  out a s  d e s c r ib e d
in  th e  example. E vaporation  o f  th e  s o l v e n t s ,  a f f o r d e d  th e  product  
a s  a brown o i l y  l i q u i d .  I t  was s o l i d i f i e d  on c o o l i n g  below 5*0.  
The proton NMR spectrum  was re co rd ed  in  ds-DMSO s o l u t i o n .  The 
arom atic  r e g io n  f e a tu r e d  two d o u b le t s  a t  6=7 .1 3 7  /  7 .1 1 1  ppm and 
6=7 .029  /  7 .0 0 3  ppm, and a s i n g l e t  a t  6= 7 .194  ppm. The two methyl 
s u b s t i t u e n t s  on th e  phenyl r in g  gave two s i n g l e t s  a t  6=2.338  and
6=1 .807  ppm; th e  p y r r o le  0 - p r o t o n s  gave a s i n g l e t  a t  6=5 .793  and 
th e  a-m ethyl groups a t  6 = 1 .8 2 1 .
(b) l - ( 2 * , 6 ' -D im eth y lp h en y l) - 2 , 5 -d im e th y lp y r r o le
The 2 ' , 6 ' -d im e th y lp h e n y l -  a n a lo g u e  was prepared  In e x a c t ly  
th e  same manner a s  th e  2* , 4' -d im e t h y lp h e n y l -  compound, < a) . I t  was 
a l s o  found t o  be a l i q u i d  a t  room tem p eratu re ,  but i t s  m e lt in g  
p o in t  was n o t i c e a b ly  h ig h e r  than  t h a t  o f  (a ) ,  around 8 -  1 0 ‘C. The 
proton  NMR spectrum  showed a m u l t i p l e t  in  th e  a ro m a tic  r e g io n  a t  
6 =7 .2  -  7 .3  ppm, (3H), due t o  th e  t h r e e  p ro to n s  on th e  phenyl r in g .
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II. Di- and Tri-Substituted N-Phenyl-2,5-Dimethylpyrroles
A s i n g l e t  was s e e n  a t  £ = 5 .8 5 ,  (2H>, due t o  th e  p y r r o le  
^ -p ro to n s ,  and two s i n g l e t s  a t  £ = 1 .8 5  and £ = 1 .79 ,  <6H e a c h ) ,  due to  
th e  two p a ir s  o f  e q u iv a le n t  methyl groups,
<c> l - ( 2 ' ,4 '  , 6 ' -T r im e th y lp h e n y l ) - 2 , 5 -d im e th y lp y r r o le
C ondensation  o f  2 , 4 , 6 - t r i m e t h y l a n i l i n e  w ith  h e x a n e -2 ,5 -d io n e  
a ffo r d e d  a near q u a n t i t a t i v e  y i e l d  o f  1 - ( 2 * , 4 ' , 6 ' - t r im e t h y lp h e n y l>-
2 , 5 -d im e th y lp y r r o le  a s  a brown o i l  w ith  f r e e z i n g  p o in t  around 5°C. 
The proton  NMR sp ectru m  o f  t h i s  compound c o n s i s t e d  o f  5 s i n g l e t s
in  th e  r a t i o  2 ; 2 : 3 : 6 : 6, The two arom atic  p ro to n s  gave a 
s i g n a l  a t  £=7 .015  ppm, th e  p y r r o le  J3-protons a t  £=5 .83  ppm; th e  
para- methyl group was s e e n  a t  £ = 2 .2 9  ppm, th e  two ortho- methyl
groups a t  £=1 .81  ppm and th e  p y r r o le  a-m ethy l groups a t  £ = 1 .7 8 .
(d) l - < 2 ' , 4 ’ -D im eth o x y p h en y l) - 2 , 5 -d im e th y lp y r r o le
U sing  2 , 4 -d im e t h o x y a n i l in e  a s  th e  amine, t h i s  compound was
o b ta in ed  a s  a brown s o l i d .  R e c r y s t a l l i s a t i o n  from methanol r e s u l t e d  
in  o f f -  w h ite  c r y s t a l s  w ith  m e lt in g  p o in t  56 -  5 8 *C. As w ith  a l l
o f  th e  d i -  and t r i - s u b s t i t u t e d  d e r i v a t i v e s ,  no l i t e r a t u r e  data
co u ld  be found f o r  com parison . The proton  NMR spectrum  was found
to  be s a t i s f a c t o r y .  Three s i g n a l s  were see n  in  th e  arom atic  r e g io n  
a t  s h i f t s  o f  £ = 7 .0 5 0  /  7 .0 2 1 ,  6 .7 4 5  and 6 ,6 2 3  /  6 .5 9 5  ppm. A s i n g l e t  
was seen  a t  £ = 5 .7 3  ppm due t o  th e  p y rro le  j3-protons; th e  two 
methoxy groups gave s i n g l e t s  a t  £= 3 .8 2  and £= 3 .38  ppm and th e  
a-m ethyl groups were s e e n  a t  £ = 1 .8 6  ppm.
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<e) l - ( 3 '  ,5 * -D im eth oxyp h en y l> - 2 , 5 -d im e th y lp y r r o le
Condensation  o f  3 , 5 -d im e t h o x y a n i l in e  w ith  h e x a n e -2 ,5 -d lo n e  
r e s u l t e d  in  brown c r y s t a l s  o f  t h i s  compound. A fter  r e c r y s t a l l i s a t i o n
from m ethanol, th e  m e lt in g  p o in t  was found to  be 75 -  7 7 *C. The
proton  MR spectrum  was reco rd ed  in  de-DMSO s o l u t i o n  and showed 
o n ly  th e  re q u ired  s i g n a l s  w ith  a p p r o p r ia te  i n t e g r a l s .  The proton
in  th e  4 - p o s i t i o n  o f  th e  p henyl r i n g  was seen  a s  a t r i p l e t ,  due
t o  meta- co u p lin g ,  w ith  s h i f t s  £ = 6 .5 8 3  /  6 .5 7 5  /  6 .3 6 8  ppm. A peak was 
seen  a t  £= 6 .39  ppm, f i n e l y  s p l i t ,  due t o  th e  p ro to n s  in  th e  2 -  
6 - p o s i t i o n s .  The two methoxy grou p s gave a s i n g l e t  a t  £=3.78  ppm
w h ile  th e  p y r r o le  J3-protons and a -m eth y l  groups were see n  a s  
s i n g l e t s  a t  £= 5 .77  ppm and £ = 1 .9 9  ppm r e s p e c t i v e l y .
( f )  l - ( 3 ' , 4 ' , 5 * -T r im e th o x y p h en y l> - 2 , 5 -d im e th y lp y r r o le
T h is  d e r i v a t i v e  was p rep ared  from 3 , 4 , 5 - t r im e t h a x y a n i l in e
(3.0g> and h e x a n e - 2 ,5 -d io n e  ( 1 . 9 g ) .  I t  was o b ta in ed  a s  p a le  brown 
c r y s t a l s ,  w ith  m e lt in g  p o in t  82 -  8 4 *C. The proton  MR spectrum  
showed s i n g l e t s  a t  £ = 6 .5 4  and £ = 5 .7 7  ppm, due t o  th e  phenyl and 
p y rro le  p ro to n s  r e s p e c t i v e l y .  The two env ironm ents  f o r  th e  methoxy 
groups le d  t o  two s i g n a l s  a t  £ = 3 .7 9  and £= 3 .72 ,  approx im ate ly  in  
a r a t i o  o f  2 : 1 .  The a -m eth y l  groups were s e e n  a s  a s i n g l e t  a t  
a s h i f t  o f  £=2 .01  ppm.
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F i r s t  a ttem p ts  t o  l a b e l  N -p h en y l- 2 , 5 -d im e t h y lp y r r o le s  w ith  
t r i t i u m  were made w ith  th e  co m m erc ia lly  a v a i l a b l e  compounds, 
l - p h e n y l - 2 ,5 - d im e t h y lp y r r o le  and 1 - < 4 - a c e ty lp h e n y l> - 2 , 5 -d im e th y lp y r r o le .  
The method used was t h a t  o f  a c id  c a t a ly s e d  exchange in  dioxan  
s o l u t i o n  a s  was d e s c r ib e d  f o r  th e  a l k y l p y r r o le s .  The p r o c e s s  was 
found t o  be somewhat i n e f f i c i e n t ;  f o r  example a p o r t io n  o f  0 .2 0 g  
o f  l - p h e n y l - 2 ,5 - d im e t h y lp y r r o le  was l e f t  in  th e  p rese n c e  o f  5p l  o f  
5 C i/m l t r i t i a t e d  water and c a . l p l  o f  l i t  HC1 f o r  20 hours in
0 .5  ml o f  d ioxan . Subsequent e x t r a c t i o n  a f fo r d e d  m a te r ia l  w ith  a 
s p e c i f i c  a c t i v i t y  o f  o n ly  30pCi/mraol. U sing  3 p l  o f  50 Ci/ml HTQ,
and s i m i l a r  q u a n t i t i e s  o f  t h e  o th e r  r e a g e n t s ,  a sample with  
s p e c i f i c  a c t i v i t y  9 mCi/mmol was o b ta in e d  a f t e r  48 hours. T his  was
s u f f i c i e n t  f o r  a t r i t i u m  MR s i g n a l  t o  be accum ulated, but the  
sample was not u s e f u l  f o r  d e t r i t i a t i o n  s t u d i e s ,  owing t o  th e  low  
s o l u b i l i t y  o f  th e  compound in  w ater.
P re l im in a ry  ex p er im en ts  w ith  1 - ( 4 - a c e t y l p h e n y l ) - 2 , 5 -d im e th y l ­
p y r r o le  in d ic a t e d  th a t  a c i d i f i e d  s o l u t i o n s  o f  th e  compound in  
dioxan  became i r r e v e r s i b l y  brown when l e f t  o v e r n ig h t .  The problem  
was not apparent when t e s t  s o l u t i o n s  i n  DMSQ were prepared; any
brown c o lo u r a t io n  d isa p p ea red  on n e u t r a l i s a t i o n .  The t r i t i a t i o n  was 
t h e r e f o r e  a ttem pted  in  DMSO, Around 0 . l g  o f  th e  p y r r o le  was 
d i s s o l v e d  in  0 .3  mis o f  th e  s o l v e n t  and 3p l o f  50 Cl/ml t r i t i a t e d  
water and 2|jtl o f  1M HC1 were added. The m ixture was l e f t  a t  room 
tem perature fo r  28 hours b e fo r e  e x t r a c t io n .  The m a te r ia l  reco v ered  
was found t o  have a s p e c i f i c  a c t i v i t y  o f  around 20 mCi/mmol.
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Tritiation of N-Phenyl~2,5-dimethylpyrroles
One o th er  compound, 1 - (4 -cy a n o p h en y l) - 2 ,  5 -d im e th y lp y r r o le ,  was
a l s o  l a b e l l e d  i n  t h i s  manner. Around 0 . lg  was d i s s o l v e d  in  DMSO
(0 ,5 m ls )  and 3 p l  o f  50 Ci/m l t r i t i a t e d  water was added. The
m ixture was a c i d i f i e d  and l e f t  f o r  68 hours. The m a t e r ia l  r eco v ered
i
was found t o  have a s p e c i f i c  a c t i v i t y  o f  13 mCi/mmol.
D e s p i te  th e  moderate s u c c e s s e s  w ith  t h e s e  two compounds,
l - p h e n y l - 2 ,5 - d im e t h y lp y r r o le  and 1 - ( 4 -  m eth y lp h en y l> - 2 , 5 -d im e t h y lp y r r o le  
co u ld  n ot  be e f f i c i e n t l y  l a b e l l e d  i n  s o l u t i o n  a t  room tem p eratu re .
High s p e c i f i c  a c t i v i t i e s  were r e q u ir e d  f o r  k i n e t i c  e x p er im en ts  w ith
t h e s e  compounds a s  o n ly  a few m i l l ig r a m s  co u ld  be d i s s o l v e d  in  a
l i t r e  o f  w ater  t o  g iv e  an homogeneous s o l u t i o n .
E f f i c i e n t  l a b e l l i n g  was a c h ie v e d  by h e a t in g  t h e  compounds 
above t h e i r  m e lt in g  p o in t s ,  in  s e a l e d  tu b es ,  in  th e  p r e se n c e  o f
a c i d i f i e d  t r i t i a t e d  w ater. No s o l v e n t  was used , exchange occurred
r e a d i l y  in  what appeared t o  be a two phase sy s te m  o f  water
d r o p le t s  in  th e  m olten  p y r r o le .  T y p i c a l l y  20 -  30 mg o f  th e  p y r r o le
was p la c ed  in  a tube t o g e t h e r  w ith  1 -  3 jul o f  50 C i/m l t r i t i a t e d
water and a t r a c e  o f  1M h y d r o c h lo r ic  a c id ,  Tubes were f i t t e d  
w ith  a septum cap, c o o le d  i n  l i q u i d  n i t r o g e n  and ev a c u a ted  by 
means o f  a n e e d le  a t ta c h e d  t o  a vacuum l i n e .  They were th en
flam e s e a l e d .  The s e a l e d  tu b e s  were p la c ed  in  t e s t - t u b e s  o f  o i l ,
which were in  tu rn  immersed in  an o i l  bath . .A ll  but one o f  th e
t r i t i a t i o n s  were c a r r i e d  out w ith  t h e  tem perature o f  th e  o i l
m ain ta ined  a t  90*0. The e x c e p t io n  was t h a t  o f  X - ( 4 - n i t r o p h e n y l > - 2 ,5 -  
d im e th y lp y r r o le ,  which, in  v iew  o f  i t s  h igh  m e lt in g  p o in t ,  was 
l a b e l l e d  a t  150°C.
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hours. As th e  work p ro g re ssed ,  p r e d i c t i o n s  o f  r e a c t i v i t i e s  co u ld  be
made and s o  th e  tim e p e r io d  and amount o f  t r i t i a t e d  water used
co u ld  be v a r ie d  a c c o r d in g ly .  Experim ental c o n d i t i o n s  and r e s u l t i n g  
s p e c i f i c  a c t i v i t i e s  are  g iv e n  in  th e  f o l l o w i n g  t a b l e  :
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Mixtures were generally left in the oil bath for 2 - 3
Summary o f  T r i t i a t i o n s  o f  F -P h en y l- 2 , 5 -d im e t h y lp y r r d ie s  
< 1 -^ -2 ,5-DHP's)
-2,5-DMP
Amount o f  
Compound
Amount o f  
50 Ci/ml  
HTO
Temp.
Time
P er io d
S p e c i f i c
A c t i v i t y
<mg) <pl> CC) (hours) (mCi/mi
1 - (4 -N O W  >- 20 1 150 2 15
1 - <4-C F s-0 )- 20 1 90 2 36
1- (4 -B r -jD - 20 1 90 2 20
1 - 0 - 20 2 90 3 45
1—<4-Me0>~ 30 2 90 2 12
1 - <4-MeO0)- 20 1 90 2 80
1 - < 2 ,4-DiMe0) - 20 3 90 3 50
1 - < 2 ,6-DiMe0 >- 20 3 90 2 25
1-C 2 ,4 ,6 -T r iM e0> - 20 3 90 2 60
1 - < 2 ,4-DiMeO0)- 20 2 90 2 10
1 - < 3 ,5-DiMeO0>- 20 3 90 2 10
1- ( 3 , 4 , 5-TriMeO0) - 20 3 90 2 20
The t r i t i a t e d  p y r r o l e s  were reco v ered  by b reak ing  open 
th e  s e a l e d  tu b e s  and p a r t i t i o n i n g  th e  c o n te n t s  between ca . lOmls 
o f  d i e t h y l  e t h e r  and 5mls o f  aqueous sodium b ica rb o n a te  s o l u t i o n .  
The e th e r  la y e r  was removed and th e  aqueous la y e r  was washed 
w ith  fu r th e r  p o r t io n s  o f  e t h e r .  Combined e th e r  e x t r a c t s  were washed  
w ith  water (3 x 10 m is)  and t h e n 1 d r ie d  over anhydrous magnesium 
s u lp h a te .  The l a b e l l e d  p y r r o l e s  were th en  o b ta in ed  by ev a p o r a t io n  
o f  th e  s o lv e n t .
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The c o n d e n s a t io n  ’ r e a c t i o n  used to  prepare t h e  N -p h en y l-
2 , 5 - d im e t h y lp y r r o le s  d e s c r ib e d  in  S e c t io n  2 .5  was a l s o  s u c c e s s f u l l y
employed t o  make o th e r ,  more d iv e r s e ,  N - s u b s t i t u t e d  2 , 5 -d im e t h y l -
p y r r o le s .  H e x a n e -2 ,5 -d io n e  was condensed  w ith  benzy lam ine, 4 -am ino-
Jjyridine and N-aminomorpholine t o  y i e l d  th e  f o l l o w i n g  p ro d u c ts .
(a) 1 -B e n z y l- 2 , 5 - d lm e t h y lp y r r o le  (2)
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2.2.4 Additional IT-substituted 2,5-Dimethylpyrroles
Me
I
CHa
<2)
H e x a n e -2 ,5 -d lo n e  (9 .4 g )  and benzylam ine <8.8g) were added to
70 mis o f  t o lu e n e ,  c o n t a in in g  1 ml o f  g l a c i a l  a c e t i c  a c id .  The
mixture was r e f l u x e d  f o r  4 hours ,  during  which tim e about 3 mis
o f  water c o l l e c t e d  in  a D ean-Stark  head, i n d i c a t i v e  o f  a com p lete  
r e a c t io n .  The r e a c t i o n  m ixtu re  was then  a l lo w ed  t o  c o o l ,  d i l u t e d  
w ith  d ie t h y l  e t h e r  (lOOmls) and washed w ith  2M HC1, b r in e  and 
sodium b ic a r b o n a te  s o l u t i o n  a s  d e s c r ib e d  p r e v io u s ly .  E v a p o ra t io n  o f  
the e th e r  and t o lu e n e  a f f o r d e d  a y e l lo w  o i l y  l i q u i d  which  
s o l i d i f i e d  on c o o l i n g .  The p ro d u ct was r e c r y s t a l l i s e d  from methanol
and was o b ta in e d  a s  l a r g e  c o l o u r l e s s  c r y s t a l s .
The measured m e lt in g  p o in t  was 3 4 .5  -  35 .5°C , c o n s id e r a b ly  
low er than l i t e r a t u r e  v a lu e s  o f  4 5 ‘C12 and 4 6 - 4 8 'C13. I t  was noted  
th a t  th e  compound r a p id ly  tu rn ed  orange-brown on exposure t o  a i r .  
I t s  s t a b i l i t y  was in t e r m e d ia t e  betw een  t h a t  o f  th e  a lk y lp y r r o le s  
and t h a t  o f  th e  N -p h e n y lp y r r o le s ,  a s  would be ex p ec ted  c o n s id e r in g  
th e  n atu re  o f  th e  b en zy l  s u b s t i t u e n t .  In a d d i t io n ,  P a t te r s o n  and 
Burka14 showed th a t  i r r a d i a t i o n  o f  N -b e n z y l - 2 ,5 - d im e t h y lp y r r o le  caused
p h o t o is o m e r is a t io n  le a d in g  t o  c o n s id e r a b le  amounts o f  th e  2 -  and
3 -b e n z y l  isom ers. A com b in ation  o f  t h e s e  e f f e c t s  may account fo r
th e  low m e lt in g  p o in t .
The proton  NMR spectrum  was record ed  in  ds -DMSO s o l u t io n .  
The s i g n a l s  due t o  th e  a ro m a tic  r i n g  were s e e n  a s  a m u l t ip l e t
w ith  an in t e g r a l  o f  3H, due t o  th e  meta- and para-p ro to n s ,  and a 
d o u b le t  w ith  an i n t e g r a l  o f  2H, due t o  th e  o r th o -p r o to n s .  For th e
former, s h i f t s  o f  6= 7 .3 3 4 ,  7 .3 3 0 ,  7 .3 2 4 ,  7 .3 0 7 ,  7 .2 8 6 ,  7 .2 8 2 ,  7 .2 4 4 ,
7 .2 2 7 ,  7 .2 2 0  and 7 .1 9 5  ppm were measured. The d o u b le t  was found a t
6=6 .879  /  6 .8 5 5 .  The b e n z y l i c  p r o to n s  gave a s i n g l e t  a t  6=5 .03  <2H>
and th e  p y rro le  s i g n a l s  were a t  6 = 5 .7 1  <2H> and 6= 2 .0 6  (6H).
L a b e l l in g  o f  1 - b e n z y l - 2 , 5 -d im e t h y lp y r r o le  was c a r r ie d  out  
in  a s e a l e d  tube m ain ta ined  a t  9 0 °C. About 20mg o f  th e  compound 
and 2pl o f  50Ci/ml t r i t i a t e d  w ater  were used , and th e  exchange  
was c a t a ly s e d  by l p l  o f  1 M HC1. A f t e r  3 hours a t  9 0 °C, th e  tube  
was c o o le d  and opened. The t r i t i a t e d  p y r r o le  was re co v er ed  a f t e r  
n e u t r a l i s a t i o n  by e x t r a c t i o n  i n t o  d i e t h y l  e th e r .  The sample o b ta in ed
on e v a p o ra t io n  o f  th e  s o l v e n t  was found to  have a s p e c i f i c  
a c t i v i t y  o f  75 mCi/mmol.
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(b) 1- <4-Pyridyl>-2, 5-dimethylpyrrole (3)
(3)
A f i r s t  a ttem p t t o  prepare t h i s  compound by r e f l u x i n g  
equim olar q u a n t i t i e s  o f  th e  r e a c t a n t s  in  to lu e n e  was u n s u c c e s s f u l .  
H exane-2 , 5 -d io n e  <7 .3g) and 4 -a m in o p y r id in e  <6.0g) were r e f lu x e d  in  
to lu e n e  (50m ls) f o r  8 hours in  th e  p rese n c e  o f  a c r y s t a l  o f  
p - t o l u e n e s u l f o n i c  a c id .  No w ater  was e v o lv e d  and th e  c r y s t a l s  which
s e p a r a te d  on c o o l i n g  were found t o  be u n reacted  4 -a m in o p y r ld in e ,  by
com parison o f  in f r a - r e d  s p e c t r a .
The c o n d e n sa t io n  was a c h ie v e d  by u s in g  a tw o fo ld  e x c e s s  
o f  h e x a n e -2 ,5 -d io n e  and a l lo w in g  th e  r e a c t i o n  t o  proceed  fo r  24
hours. The c o a le d  r e a c t i o n  m ix tu re  was d i l u t e d  w ith  c a . 100 mis o f  
d ie t h y l  e t h e r  and th e  product was removed by e x t r a c t i n g  i t  i n t o  
2M h y d r o c h lo r ic  a c id  (3 x 5 0 m ls ) . The aqueous s o l u t i o n  o f  th e
h y d r o c h lo r id e  was th en  n e u t r a l i s e d  w ith  sodium h ydroxide  s o l u t i o n  
and e x t r a c t e d  w ith  d i e t h y l  e t h e r  (3 x 50 m i s ) . Ether e x t r a c t s  were 
d r ie d  over  anhydrous magnesium - s u lp h a te  and eva p o ra ted  t o  y i e l d  
th e  product a s  p a le  y e l l o w  c r y s t a l s .  The m e lt in g  p o in t  was found  
t o  be 96 -  97 *C.
The p roton  BUR spectrum  was record ed  in  ds -DMSO s o l u t i o n .
I t  showed two d o u b le t s  due t o  th e  p y r id y l  s u b s t i t u e n t  a t  s h i f t s  
o f  6=8 .717  /  8 .6 9 6  ppm and 6 = 7 .3 8 0  /  7 .3 6 0  ppm (2H e a c h ) .  The p y r r o le
0 -p r o to n s  gave a s i n g l e t  a t  6 = 5 .8 7  ppm <2H> w h ile  th e  a -m ethyl  
groups gave a s i n g l e t  a t  6 = 2 .0 4  ppm (6H).
The t r i t i a t i o n  o f  1 - ( 4 - p y r i d y l ) - 2 , 5 -d im e th y lp y r r o le  was 
s u c c e s s f u l l y  a c h ie v e d  by h e a t in g  th e  compound in  a s e a l e d  tube
w ith  a c i d i f i e d  t r i t i a t e d  w ater . A tu b e  was made up c o n ta in in g  2 p l  
o f  50 Ci/ml HTO, a t r a c e  Df 1M HC1 and 20 mg o f  th e  compound.
The tube was e v a c u a ted  b e fo r e  s e a l i n g  and when i t  was p la c e d  in  
an o i l  bath a t  90 *C, th e  compound was seen  t o  sublim e up th e
tube. A fter  3 hours, t h e  tu b e  was a l lo w ed  to  c o o l ,  opened, and th e
c o n te n t s  were added t o  a few  m is o f  sodium b ic a rb o n a te  s o l u t i o n .
E x tr a c t in g  t h i s  s o l u t i o n  w ith  d i e t h y l  e th e r  (2 x lO m ls ) , f o l lo w e d  by
d ry in g  and e v a p o r a t io n  o f  th e  combined e th e r  e x t r a c t s  a f fo r d e d  th e
l a b e l l e d  m a t e r ia l .  The s p e c i f i c  a c t i v i t y  was found t o  be 30mCi/mmol.
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(c) l-Marpholino-2,5-dimethylpyrrole <4)
(4)
F-Aminomarpholine <5.25g) was d i s s o l v e d  in  50 mis o f  dry  
to lu e n e .  H ex a n e -2 ,5 -d io n e  (5 .9 g )  was added, f o l lo w e d  by a c r y s t a l  o f  
p - t o l u e n e s u l f o n i c  a c id .  The m ixture  was r e f lu x e d  f o r  5 hours.  
Subsequent e x t r a c t io n  l e d  t o  brown c r y s t a l s  o f  l -m o r p h o l in o - 2 , 5 -  
d im e th y lp y r r o le .  U n lik e  th e  c o n d e n s a t io n  w ith  a n i l i n e s ,  t h i s  r e a c t i o n  
d id  not r e s u l t  in  a near q u a n t i t a t i v e  y i e l d .  Only around 40% o f
th e  t h e o r e t i c a l  maximum y i e l d  was c o l l e c t e d .  R e c r y s t a l l i s a t i o n  from  
methanol, a f fo r d e d  o f f - w h i t e  c r y s t a l s  w ith  m e lt in g  p o in t  99 -  10 1 ’C, 
somewhat low er than a l i t e r a t u r e  v a lu e  o f  111 -  1 1 2 * 0 .1,3
The proton  FMR spectrum  showed th e  c h a r a c t e r i s t i c  p a ir  
o f  s i n g l e t s  o f  a 2 , 5 -d im e th y lp y r r o le ;  t h a t  due to  th e  |3 -protons  
was found a t  £ = 5 .5 1 ,  t h a t  due t o  th e  a-m ethyl groups a t  £ = 2 .2 1 .
The morpholino s u b s t i t u e n t  was see n  a s  two t r i p l e t s  w ith  s h i f t s
o f  3 .7 1 8  /  3 .7 0 3  /  3 .6 8 8  and 3 .1 4 9  /  3 .1 3 4  /  3 .1 1 9  ppm.
L a b e l l in g  was a c h ie v e d  by h e a t in g  20mg o f  th e  compound 
w ith  3p l o f  50 Ci/m l t r i t i a t e d  water and a t r a c e  o f  HC1 in  a 
s e a l e d  tu b e . The m a te r ia l  o b ta in e d  a f t e r  e x t r a c t i o n  o f  t h i s  m ixture  
was found t o  have a s p e c i f i c  a c t i v i t y  o f  45 mCi/mraol.
T rit iu m  magnetic  re so n a n ce  s p e c t r o s c o p y  has been used  
throughout t h i s  work t o  co n f irm  th e  s i t e  o f  l a b e l l i n g  o f  th e
t r i t i a t e d  p y r r o le s .
The 3H n u c le u s  i s  i d e a l  f o r  NMR stu d y .  Like th e  proton  
i t  p o s s e s s e s  a s p in  o f  te. I t s  s e n s i t i v i t y  a t  c o n s ta n t  f i e l d  i s
21% g r e a te r  than  th a t  o f  t h e  p ro to n  and s o  r e l a t i v e l y  sm all  
amounts o f  t r i t iu m  can be r e a d i l y  d e t e c t e d .  U sing a p u lsed  F o u r ier  
tr a n sfo r m  NMR sp ec tro m eter ,  t r i t i u m  s p e c t r a  can be o b ta in ed  w ith  a s  
l i t t l e  a s  20pCi per s i t e  a f t e r  around 16 hours o f  accum ulation .  
However, sam ples are  g e n e r a l l y  made up t o  c o n ta in  0 .5  -  5mCi and 
when th e  l a b e l  i s  p r e s e n t  i n  o n ly  one s i t e ,  s p e c t r a  can be
accum ulated  in  j u s t  1 - 2  hours.
T r it iu m  ch em ica l  s h i f t s ,  in  ppm, a re  v i r t u a l l y  th e  same a s  
p roton  s h i f t s  th u s  a l lo w in g  d i r e c t  com parison  w ith  th e  v a s t
c a t a lo g u e  o f  proton  NMR d ata .
Proton and t r i t i u m  s p e c t r a  were o b ta in e d  fo r  a lm ost  a l l  
o f  th e  l a b e l l e d  p y r r o le s  used  in  t h i s  s tu d y .  The proton  s p e c tr a  
were g e n e r a l ly  i d e n t i c a l  t o  t h o s e  o f  th e  i n a c t i v e  m a t e r ia l s ,  and
th e  la b e l  was seen  t o  be o n ly  p r e s e n t  in  th e  u n s u b s t i t u t e d
p o s i t i o n s  o f  th e  p y r r o le  r in g .  S p e c tr a  were a l l  record ed  in  
d e u te r a te d  d im ethyl su lp h o x id e  (d,3-DMS0> s o l u t i o n .
Samples fo r  NMR a n a l y s i s  were made up in  s e a l e d  tu b es .
A sm all  amount o f  th e  t r i t i a t e d  p y r r o l e ,  t y p i c a l l y  1 -  3mgs, was 
d i s s o l v e d  in  120jil o f  ds-DMSO. Such c o n c e n t r a t io n s  are not id e a l  
fo r  t r i t i u m  NMR s p e c t r o s c o p y ,  but a r e  a c c e p ta b le  when cLs-DMSO i s
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2.2.5 Proton and Tritium NMR Spectra of Some Labelled Pyrroles
used a s  i t  g i v e s  a p a r t i c u l a r l y  s t r o n g  deuter ium  lo c k  s i g n a l .  A 
compromise had t o  be made betw een p rep ar in g  i d e a l l y  d i l u t e  
s o l u t i o n s  and in c lu d in g  s u f f i c i e n t  a c t i v i t y  in  th e  tu b e  so  t h a t  
t h e  spectrum  co u ld  be accum ulated  i n  a s u i t a b l y  s h o r t  p e r io d  o f  
t im e . Two lOpl p o r t io n s  were th en  removed from th e  ds-DMSO 
s o l u t i o n  t o  check th e  r a d i o a c t i v i t y '  p r e se n t .  They were t r a n s f e r r e d  
t o  v i a l s  o f  s c i n t i l l a t o r ,  from which sam ples were removed, added
t o  f r e s h  s c i n t i l l a n t  and cou n ted . I f  th e  r e s u l t i n g  c o u n ts  were
s u f f i c i e n t l y  h ig h ,  th e  rem ain ing  lOOpl o f  s o l u t i o n  was t r a n s f e r r e d  
t o  an MR tu b e, t o  which a few drops o f  t e t r a m e t h y l s i l a n e  (TMS) 
were added t o  p ro v id e  a r e f e r e n c e  s i g n a l .  The tu b e  was th en  
f i t t e d  w ith  a septum cap, c o o le d  in  l i q u i d  n i t r o g e n  and ev a cu a ted
by means o f  a n e e d le  a t ta c h e d  t o  a vacuum l i n e .  I t  was th en  
flam e s e a l e d  t o  g iv e  a tu b e  a p p ro x im a te ly  5cm in  l e n g t h  and 
h a l f  f i l l e d  by th e  sample s o l u t i o n .
-6 8 -
Examples o f  MR S p e ctr a  
1. P y rro le
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(b) ’ H MR spectrum  o f  C3H 3 -p y rro le
PPM
(c) 3H M R  spectrum C H  decoupled) of E3H3 -pyrrole
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2. 1,2,5-Trimethylpyrrole
i t  i "I--------------------1-------------------- 1-------------------- 1-------------------- p
9 8 7 6 5 4 3
PPM
(a) 1H NMR spectrum  o f  1 , 2 , 5 - t r im e t h y lp y r r a le
(b) 1H NMR spectrum  o f  [ 3 H]- 1 , 2 , 5 - t r im e t h y lp y r r o le
9 0 7 6 5 4 3 2 1
PPM
<c> 3H NMR spectrum <’H decoupled) of [3H]-1,2,5-trlmethylpyrrole
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3. 1-Phenyl-2,5-dimethylpyrrole
PPM
(a) ’ H IMP spectrum  o f  l - p h e n y l - 2 ,5 - d im e t h y lp y r r o le
PPM
(b) 'H MR spectrum  o f  E £,H ] - l - p h e n y l - 2 ,5 - d im e t h y lp y r r o le
5
PPM
(c) 3H M R  spectrum C H  decoupled) of E3H]-l-phenyl-2,5-
dimethylpyrrole
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4. 1- (4-Bromophenyl)-2, 5-dimethylpyrrole
PPM
(a) ’ H MR spectrum  o f  1 - (4 -brom oph en y l)- 2 , 5 -d im e th y lp y r r o le
(b) ’ H MR spectrum  o f  C3 H]- 1 - < 4-b ro m o p h en y l> -2 ,5 -d lm eth y lp y rro le
PPM
<c> 3H ¥MR spectrum C H  decoupled) of C3H]-1-(4-bromophenyl)- 2 ,5-
dimethylpyrrole
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5. 1— <3* ,5*-Dlmethoxyphenyl)-2,5-dimethylpyrrole
PPM
(a) ’ H NMR spectrum  o f  1 - < 3 ' , 5 ' -d im eth o x y p h en y l) -2 ,  5 -d im e t h y l -
PPM
(b) 1H NMR spectrum  
d im eth y lp y r ro le
o f  , 5* -d im ethoxyphenyl ) - 2 , 5 -
b
PPM
(c )  3H NMR spectrum  <1H d eco u p led )  
p h e n y l ) - 2 ,5 - d im e t h y lp y r r o le
o f  [ 3H ] - l - < 3 ’ ,5 '  -d lm ethoxy-
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6. l-(3',4* , 5'-Trimethoxyphenyl>-2,5-dimethylpyrrole
(b) ’ H NMR spectrum  o f  C3 H]- 1 - < 3 ' , 4 ' , 5 ' - t r im e t h o x y p h e n y l ) - 2 ,5 -
d im e th y lp y r r o le
m e th o x y p h e n y l ) -2 ,5 -d im e th y lp y r r o le
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7. l-(4-Pyridyl)-2, 5-dimethylpyrrole
(a) 'H MR spectrum  o f  1 - ( 4 - p y r i d y l ) - 2 , 5 -d im e th y lp y r r o le
PPM
(b) 1H MR spectrum  o f  [ 3 H]- 1 - ( 4 - p y r i d y l ) - 2 , 5 -d im e th y lp y r r o le
PPM
(c) 3H M R  spectrum (’H decoupled) of t3H]-1-(4-pyridyl)-2,5-
dimethylpyrrole
R ates  o f  d e t r i t i a t i o n  o f  l a b e l l e d  p y r r o le s  were measured 
u s in g  th e  s tan d ard  te ch n iq u e  o f  quenching p o r t io n s  o f  th e  r e a c t i o n  
m ixture a t  tim ed i n t e r v a l s ,  e x t r a c t i n g  i n t o  a s c i n t i l l a n t  and 
a s s e s s i n g  th e  r a d i o a c t i v i t y  p r e s e n t  in  each  e x t r a c t  by l i q u i d  
s c i n t i l l a t i o n  c o u n t in g .
Throughout th e  work, a l l  k i n e t i c  measurements were c a r r ie d  
out a t  25 ± 0 .1°C . S o lu t i o n s  were m a in ta in ed  a t  t h i s  tem perature  
by means o f  a th e r m o s ta t t e d  w ater bath . In th e  c a s e  o f  p y rro le  
and I t s  a l k y l  d e r i v a t i v e s ,  a f l a s k  c o n t a in in g  100 mis o f  aqueous  
h y d r o c h lo r ic  a c id  o f  th e  d e s i r e d  c o n c e n t r a t io n  was a l lo w ed  to  
reach  thermal e q u i l ib r iu m  in  th e  w ater  bath  and th en  th e  r e a c t io n  
was i n i t i a t e d  by th e  a d d i t io n  o f  a d r o p le t  o f  th e  l a b e l l e d
compound. The a c id  s o l u t i o n s  were prepared  by d i l u t i o n  o f  s to c k  
s o l u t i o n s  made up from v o lu m e tr ic  s ta n d a rd  ampoules. C o n ce n tr a t io n s  
were checked by t i t r a t i o n  w ith  sodium hydroxide  s o l u t i o n s ,  which  
were s ta n d a r d is e d  w ith  p o ta ss iu m  hydrogen p h th a la te  s o l u t i o n s .
The F - p h e n y l - 2 ,5 - d im e t h y lp y r r o le s  used  in  t h i s  s tu d y  were 
fDund t o  be very  s p a r in g ly  s o l u b l e  in  water and s lo w  to  
d i s s o l v e .  T herefore  d e t r i t i a t i o n  ex p er im en ts  had t o  be i n i t i a t e d  by 
mixing p o r t io n s  o f  aqueous h y d r o c h lo r ic  a c id  w ith  p o r t io n s  o f  an
aqueous s t o c k  s o l u t i o n  o f  th e  p y r r o le .
S tock  s o l u t i o n s  o f  th e  F - p h e n y l - 2 , 5 -d im e t h y lp y r r o le s  were 
prepared by adding a few  m i l l ig r a m s  o f  th e  l a b e l l e d  compound,
d i s s o l v e d  in  a d r o p le t  o f  DHSO, t o  a f l a s k  c o n ta in in g  around
a l i t r e  o f  b o i l e d - o u t ,  d e - i o n i s e d  w ater .  The s o l u t i o n  was th en  l e f t
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2.2.6 The Measurement Of Detritiation Rates
tD s ta n d  fo r  s e v e r a l  h ours  t o  hom ogenise . B efore  commencing a 
d e t r i t i a t i o n  exp er im en t,  a p o r t io n  o f  s t o c k  s o l u t i o n  was a l low ed  to  
e q u i l i b r a t e  a t  25 *C in  a s e p a r a t e  f l a s k .  I t  was th en  added to  
th e  a c id  s o l u t i o n  so  t h a t  t h e  d e s i r e d  c o n c e n tr a t io n  was reached  
on mixing.
The s o l u t i o n  was shaken  v i g o r o u s l y  a t  th e  s t a r t  o f  th e
r e a c t io n .  The d e t r i t i a t i o n  p r o c e s s  was th en  f o l lo w e d  by withdrawing  
5 ml a l i q u o t s  o f  th e  s o l u t i o n  a t  t im ed  i n t e r v a l s  and adding them  
t o  t e s t - t u b e s  c o n t a in in g  10 m is o f  sodium b ica rb o n a te  s o l u t i o n  and 
10 mis o f  s c i n t i l l a t o r  s o l u t i o n .  The s c i n t i l l a t o r  used  was a
s o l u t i o n  o f  3 . 4  gdm~3 d ip h en y l  o x a z o le  (PPO) in  to lu e n e .  A d d it io n  to  
th e  b ica rb o n a te  s o l u t i o n  quenches th e  r e a c t i o n  im m ediate ly  and on
shaking  th e  tu b e  e f f i c i e n t  e x t r a c t i o n  o f  th e  p y r r o le  i n t o  th e
to lu e n e  la y e r  i s  a c h ie v e d .  Time i s  a l lo w e d  fo r  th e  l a y e r s  to
se p a r a te  and th en  most o f  t h e  t o l u e n e  la y e r  i s  p ip e t t e d  o f f  t o  
be d r ie d  over anhydrous sodium s u lp h a t e .  P o r t io n s  o f  th e  d r ie d  
s c i n t i l l a t o r  e x t r a c t s  (5 m is) are  th e n  t r a n s fe r r e d  to  v i a l s  fo r
co u n tin g .  Such measurements were made u s in g  a Beckmann LS-1800  
l i q u i d  s c i n t i l l a t i o n  co u n te r .  In th e  m a jo r i ty  o f  k i n e t i c  runs, t e n  
or tw e lv e  sam ples  were removed from th e  r e a c t io n  s o l u t i o n .  Time
i n t e r v a l s  were ch osen  so  t h a t  90% or more o f  th e  d e t r i t i a t i o n  
p r o c e s s  was m onitored, but t h i s  was not a lw ays a ch iev ed  in  some 
i n i t i a l  runs w ith  each new compound.
The c o n c e n t r a t io n  o f  th e  p y r r o le  in  a l l  k i n e t i c  runs  was 
low, in v a r ia b ly  below  10“ 4 M. Thus t h e  d e t r i t i a t i o n  p r o c e s s  f o l l o w s
f i r s t - o r d e r  k i n e t i c s  :
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Rate = -d C X ]/d t  = kob. CX3
I n t e g r a t in g  t h i s  g i v e s  : lnCXcJ/CXt.3 = kot>»t
Thus lnCX0 3 -  lnCXt.3 = k.=.t,ret
where Xo r e f e r s  t o  th e  i n i t i a l  r a d i o a c t i v i t y  and Xt r e f e r s
t o  th e  r a d i o a c t i v i t y  a f t e r  t im e ,  t .I
Rate c o n s t a n t s  were o b ta in e d  g r a p h ic a l ly  from th e
exp er im en ta l d a ta .  The n a tu r a l  lo g a r i th m s  o f  th e  measured c o u n ts  
were p l o t t e d  a g a i n s t  t im e ,  th u s  g i v i n g  p l o t s  w ith  g r a d ie n t  equal  
t o  -k 0b», where kob.» i s  th e  ob serv ed  f i r s t - o r d e r  r a t e  c o n s ta n t .
Most d e t r i t i a t i o n  e x p e r im e n ts  performed w ith  f r e s h ly  
prepared p y r r o le  s o l u t i o n s  l e d  t o  good s t r a i g h t  l i n e  p l o t s .  The 
r e a c t i v e  a l k y l p y r r o le s  gave r i s e  t o  somewhat curved p l o t s ,  th e  
degree o f  cu rv a tu r e  i n c r e a s i n g  w ith  th e  age o f  th e  sample. T h is  
phenomenon was ob served  t o  a l e s s e r  e x t e n t  w ith  some o f  th e
F -p h e n y l-2 ,5 -d i 'm e th y lp y r r o le s  but was l e s s  p ro b le m a t ic  a s  any
cu rvature  co u ld  be e l im in a t e d  by u s in g  a new s t o c k  s o l u t io n .
Vhen curved p l o t s  were o b ta in e d  from p y r r o le s  w ith  o n ly  one s i t e  
o f  l a b e l l i n g ,  th e  d e t r i t i a t i o n  was a l lo w e d  t o  c o n t in u e  u n t i l  a 
co n s ta n t  l e v e l  o f  r a d i o a c t i v i t y  was reached . S u b tr a c t in g  t h i s  count
from th e  measured c o u n ts  b e fo r e  ta k in g  lo g a r i th m s  u s u a l ly  r e s u l t e d  
in  a s t r a i g h t  l i n e  p l o t .
Two exam ples o f  d e t r i t i a t i o n  ex p er im en ts  are  g iv e n  below,  
one where a good s t r a i g h t  l i n e  p l o t  was o b ta in ed  from th e  a c t u a l  
measured co u n ts ,  and one in  which a f i n a l  co n s ta n t  count had to  
be s u b t r a c te d  from th e  measured c o u n ts  t o  g iv e  a s t r a i g h t  l i n e .
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Example 1 : D e t r i t i a t i o n  o f  1 - < 2 ' , 6 ' -D im eth y lp h en y l> - 2 , 5 - d im e t h y l -  
[ 3 , 4 - 3 H ]-p y r r o le  in  2 .5 0  x 10-4  M h y d r o c h lo r ic  a c id
(Mins) CPM In (CPM)
0 437750 1 2 .9 9
2 361400 1 2 .8 0
4 297400 1 2 .6 0
6 238310 1 2 .3 8
8 194600 1 2 .1 8
10 159670 11 .9 8
12 125420 1 1 .7 4
14 104650 1 1 .5 6
16 84730 1 1 .3 5
18 70580 1 1 .1 6
A p lo t  o f  In (CPM) a g a in s t  t im e was found t o  have a 
g r a d ie n t  o f  - 0 .  1031 min-1 .
t h e r e f o r e  k = 0 .1 0 3 1  /  60 = 1 .7 1 9  x l O ^ s ” 1
and W  = 1 .7 1 9  x 10~3 /  2 .5 0  x 10~4 = 6 .8 8  M -'s" 1
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Example 2 : D e t r i t i a t i o n o f  1 , 2 , 5 -T r im e th y lp y r r o le in
5 .0 0  x 10"s  M h y d r o c h lo r i c  a c id
Time (Mins) CPH CPM -  CPMu, In (CPM -  CPM.»)
0 419890 404790 12.91
m 348960 333860 12 .72
3 277840 262740 12. 48
4M> 218360 203260 12 ,22
6 185830 170730 12. 05
7& 148660 133560 11 .80
9 117150 102050 11 .53
lOfc 96560 81460 11.31
12 81530 66430 11. 10
13& 69720 54620 10.91
15 59560 44460 10.70
16M> 50950 35850 10. 49
00 15270
14930
CPMm was taken  a s  15100,
A p la t  o f  th e  measured c o u n ts  a g a in s t  t im e r e s u l t e d  in  a 
curved l i n e ,  Counts d id  n ot f a l l  b e low  a l e v e l  o f  around 15000, 
and when t h i s  i n f i n i t y  v a lu e  was s u b t r a c t e d  from th e  co u n ts ,  
a p lo t  o f  In (CPM -  CPML») a g a i n s t  t im e  was found t o  be a 
s t r a i g h t  l i n e  w ith  g r a d ie n t  - 0 .  1525 min''1 . 
t h e r e f o r e  k = 0 .1 5 2 5  /  60 = 2 .5 4  x 10~3 s -1
and W  = 2 .5 4  x 10“3 /  5. 0 x 10“5 = 5 0 .8  M~1s ~ 1
p u r e ly  aqueous h y d r o c h lo r ic  a c id ,  th e  d e t r i t i a t i o n  o f  one compound,
2 , 5 -d im e th y lp y r r o le ,  was s t u d i e d  in  a s e r i e s  o f  DKSO/water m ix tu res  
w ith  a f i x e d  a c id  c o n c e n t r a t io n .
Analar grade d im eth y l  su lp h o x ld e  (DMSO) was p u r i f i e d  by 
r e p e a te d ly  f r e e z in g  and d i s c a r d i n g  t h e  su pern atan t l i q u i d .  S o lu t i o n s  
were th en  prepared by p l a c i n g  equal volumes o f  a s t o c k  s o l u t i o n  
o f  h y d r o c h lo r ic  a c i d  in  a s e r i e s  o f  f l a s k s  and adding a p p r o p r ia te
amounts of. DMSO and f r e s h l y  b o i l e d - o u t ,  d e - i o n l s e d  water t o  g iv e
s o l u t i o n s  w ith  DMSO mole f r a c t i o n  between 0 .1  and 0 .7 .  The f i x e d  
a c id  c o n c e n tr a t io n  was found t o  be 5 .7 2  x 10“4 mol dm- 3 .
D e t r i t i a t i o n  ex p e r im e n ts  were i n i t i a t e d  by adding a drop  
o f  l a b e l l e d  2 , 5 - d im e t h y lp y r r o le  and th e  procedure f o l lo w e d  was 
e x a c t l y  as  d e s c r ib e d  f o r  th e  ex p er im en ts  in  p u r e ly  aqueous a c id .
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In addition to the kinetic experiments carried out in
Assignm ents o f  th e  peaks can  be made t o  th e  a- and J3- 
p r o to n a te d  forms a s  shown below  :
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a -p r o to n a t io n  jB -protonation
I n te g r a t io n  o f  t h e  peaks s u g g e s t e d  around 67% a -p r o to n a t io n  
33% p - p r o to n a t io n ,  in  agreement w ith  th e  r e s u l t  o f  Chiang and 
V h ip p le 1 s .
In v iew  o f  th e  s u c c e s s  o f  t h i s  ex p er im en t ,  s i m i l a r  s p e c tr a  
were o b ta in e d  u s in g  a number o f  o th e r  p y r r o l e s .  S p e c tr a  were 
r e co rd ed  o f  1 ,2 ,  5 - t r im e t h y lp y r r o le ,  l - p h e n y l - 2 ,5 - d i m e t h y l p y r r o l e ,
1 - < 4 - a c e t y l p h e n y l ) - 2 , 5 - d im e t h y lp y r r o le , 1 - < 2 ' ,  6' -d im e t h y lp h e n y l ) - 2 , 5 - d i -  
m e th y lp y r r o le  and 1 - ( 4 - p y r id y l > - 2 ,5 -d im e t h y lp y r r o le  in  th e  same 
medium.
The same g en era l  f e a t u r e s  were s e e n  i n  each spectrum ,  
but th e  r e l a t i v e  amounts o f  a -  and B -p r o to n a te d  forms v a r ie d  
c o n s id e r a b ly .
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Proton NMR spectrum  o f  1 - ( 4 - p y r i d y l > - 2 ,5 -d im e t h y lp y r r o le  in  
conc. HeSOa
Proton NMR spectrum  o f  1 - ( 2 ' , 6 ' -d im e t h y lp h e n y l ) - 2 , 5 -d im e th y lp y r r o le  
in  conc. Hs>SCU
The r e l a t i v e  amounts o f  a -  and J3-protonation e s t im a te d  
fo r  each compound are  summarised in  th e  t a b le  below  :
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- <2'
<4
ET-substituent % a -p r o t o n a t io n  % f l -p r o to n a t io n
, 6 ' -D iM e-0>- 32 68
Me- 64 36
H- 67 33
0 -  84 16
-MeCO-0)- >90 <10
p y - >95 <5
Rate c o n s t a n t s  o b ta in e d  f o r  th e  d e t r i t i a t i o n  o f  p y r r o le  
d e r i v a t i v e s  are g iv e n  in  th e  f o l lo w in g  t a b l e s .  A l l  measurements  
were made a t  2 5 .0  ± 0 .1°C . Each t a b l e  c o n s i s t s  o f  t h r e e  columns;
CHC1] /m oldur3 r e f e r s  t o  th e  a c id  c o n c e n t r a t io n ,  k / s -1 r e f e r s  t o  th e  
observed  f i r s t  ord er  r a t e  c o n s t a n t  and kH^/Mr1s " 1 r e f e r s  t o  th eI
a c id  c a t a ly s e d ,  second  order  r a t e  c o n s ta n t  o b ta in ed  by d i v i d i n g  th e  
k / s -1 v a lu e s  by th e  a c id  c o n c e n t r a t io n .
-8 6 -
2.3 Results of Detritiation Studies
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TABLE 1 : RESULTS OF DETRITIATIONS OF PYRROLE :
[ HC1] /moldm"3 k /  10:3s “ 1 W / M " 1 s - 1
0 .0 3 0  1 .5 3  0 .0 5 1 0
1 .5 5  0 .0 5 1 7
1 .5 7  : 0 .0 5 2 3
1 .5 6  0 .0 5 2 0
0 .0 4 9  2 .2 7  0 .0463
* 2 ,3 1  0 .0471
2 .4 0  0 .0490
2 .4 4  0 .0 4 9 8
0 .0 6 1  3 .1 1  0 .0510
2 .8 0  0 .0459
2 .7 8  0 .0456
3 .5 2  0 .0577
0 .0 9 1  5 .0 0  0 .0 5 4 9
4 .4 7  0 .0491
5 .0 0  0 .0 5 4 9
4 .4 9  0 .0 4 9 3
0 .1 2 1  6 .5 4  0 .0 5 4 0
6 .5 6  0 .0 5 4 2
6 .2 4  0 .0 5 1 6
6 .7 5  0 .0 5 7 9
6 .0 5  0 .0 5 0 0
A p l o t  o f  th e  ob served  f i r s t  order r a t e  c o n s t a n t s  a g a i n s t  a c id  
c o n c e n t r a t io n  l e d  t o  a v a lu e  o f  kH+- o f  0 .0 5 4  ± 0 .0 0 4  M~1s " 1 .
TABLE 2 : RESULTS OF DETRITIATIQNS OF 2 , 5 tDIIETHYLPYRROLE
[ HC13 /m o ld u n 3 k / lO ^ s ” 1 W / M " 1 s " 1
6. 0 X 10- s 2 .7 8 4 6 .3
2 .9 2 4 8 .6
1 .2 X 10~4 5 .5 2 46. 0
5 .7 3 4 7 .7
1 .8 X
*<oH 8. 05 4 4 .7
7 ,5 6 4 2 .0
2 . 4 X 10-* 9 .9 0 4 1 .2
1 1 .4 7 4 7 .7
CO o X
*1orH 1 3 .44 4 4 .8
12, 00 4 0 .0
1 1 .8 7 3 9 .6
13. 19 4 3 .9
The v a lu e  o f  kn+ was d eterm in ed  g r a p h ic a l ly  a s  40 ± 4 M-’ s " 1 .
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TABLE 3 : RESULTS OF DETRITIATION OF 1 , 2 , 5-TRIMETHYLPYRROLE
[ HC13/moldm-3 k /1 0 3s~ ' kHf/M"1s “
3 . 0  x 10~s 1 .3 8 46. 0
1 .3 4 4 4 .8
4 .8  x 10“s 2 .2 1 4 6 .0
2 .3 4 4 8 .8
7 .6  x 10“5 4 .2 5 5 5 .9
I 4 .4 4 5 8 .4
9 .0  x 10~s 4 .5 7 5 0 .8
4 .7 4 5 2 .7
1 .5  x 10~4 ! 8 .1 1 54, 1
7 .9 9 5 3 .3
The v a lu e  o f  kH-+- was d eterm in ed  g r a p h i c a l l y  a s  52 ± 3 M'-’ s " 1.
TABLE 3a : ADDITIONAL DETRITI AT IONS OF 1 ,2 ,  5-TRINETHYLPYRROLE AT 
FIXED IONIC STRENGTH (0.5M POTASSIUM CHLORIDE)
CHC1]/moldm"3 k /1 0 3s _1 kHtVM-1 s'
1 .0  x 10~s 0 .5 0 5 0 .3
0. 48 4 8 .3
2 .0  x 10~s 1. 03 5 1 .7
1. 04 52. 0
5 .0  x 10~s 2 .5 4 5 0 .8
2 .5 5 5 1 .0
1 .0  x 10—4 4 .7 7 4 7 .7
4. 79 4 7 .9
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TABLE 4 : RESULTS OF DETRITIATION OF 2 , 4-DIMETHYL-3-ETHYLPYRROLE 
(KRYPTOPYRROLE) :
C HCI] /m oldur3 k / l O ^ - 1 kH+./M“ 1s - 1
1 .2 X 10- s 1 .9 0 158.3
1 .9 3 160.8
1 .8 X 10- s 2 .7 9 155. 0
2 .2 X 10- s 3 .7 7 171.4
3 .7 9 172.3
2 . 4 X 10- s 3 .7 7 157. 1
4 .3 8 182,5
2 . 9 ; x 10- s 5 .8 9 203, 1
5 .5 9 192 .8
4 . 0 X 10“ s 6 .5 7 164 .3
4 . 2 X 10- s 6 .7 7 161 ,2
7. 04 167 .6
4 . 5 X 10- s 8 .5 0 188 .9
8 . 11 180 .2
5 . 7 X 10- s 9 .8 7 173.2
9 .7 8 171.6
6 . 0 X 10- s 1 2 .4 2 0 6 .7
The v a lu e  o f  kH-+ was determ ined  g r a p h i c a l l y  a s  175 ± 15 Mr’ s ” 1 . 
The s c a t t e r  o f  p o in t s  in  th e  p l o t  r e f l e c t s  th e  h ig h  r e a c t i v i t y  
and i n s t a b i l i t y  o f  k r y p to p y r r o le .
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RESULTS OF DETRITIATIONS OF MONO-SUBSTITUTED 
N-PHENYL-2,5-DIMETHYLPYRROLES:
TABLE 5 : 1- (4-NITROPHENYL>-2; 5-DIMETHYLPYRROLE
[ HC13 /mol dm- 3 k/s"-1 kH^/M-1 s'
5. 0 X 10-4 2 .5 6 X 1 0 -4 0 .5 1
2 .8 3 X 1 0 -4 0 .5 7
1 .0 X 10-3 5. 08 X 10“4 0 ,51
5 .3 1 X 10“4 0 .5 3
1 .6 X 10-3 8. 40 X 1 0 -4 0 .5 3
8 .7 5 X 10“4 0 .5 5
2. 0 X IQ-3 1. 07 X 10-3 0 .5 4
1. 17 X 10-3 0 .5 8
Thus Rh-*- can be quoted  a s  0 .5 3  ± 0 .0 5  M -'s -1 
TABLE 6 : 1 - (4-CYANOPHENYL)- 2 ,  5-DIMETHYLPYRROLE
C HC13 /moldm-3 k / s -4 kH+/M-1 s'
2 . 0  x 10-3 1 .4 4  x 10“3 0 .7 2
1 .4 3  x IO-3 0 .7 1
5 .0  x 10-3 3 .8 2  x IO-3 0 .7 6
3 .7 1  x IO- 3 0 .7 4
1 .0  x IO-3 7 .2 9  x 10“3 0 .7 3
6 .8 5  x IO-3 0 .6 8
Thus kH-H can be quoted  a s  0 .7 2  ± 0 .0 4  M- 1 s -1 
TABLE 7 : 1 -  (4-TRIFLUOROMETHYLPHENYL)- 2 ,  5-DIMETHYLPYRROLE
t HC1] /moldm-3  k / s -1 k,WM- 1 s -
2 .5  x 10~4 2 .6 4  x 10-4  1 .0 6
2 .6 0  x 10~4 1 .0 4
5 . 0  x 10~4 5 .5 3  x 10~4 1. 11
5 .5 5  x 10-4  1 .1 1
1 .0  x 10“® 1 .0 0  x 10“® 1. 00
1 .0 9  x 10”3 1 .0 9
Thus kf-H- can be quoted  a s  1 .0 7  ± 0 .0 7  Mr's-1
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TABLE 8 : 1-C4-ACETYLPHEITYL)- 2 ,  5-DIMETHYLPYRROLE
C HC13 /moldnr3 k / s -1 W / M ~ 1s “ 1
5 . 0  x 10~4 5 .4 0  x 10~4 1 .0 8
5. 19 x 10~4 1. 04
1 .0  x 10“4 9 .8 3  x, 10“4 0 .9 8
9 .9 0  x 10~4 0 .99
1 .5  x 10~4 1 .4 7  x 10~3 0 .98
1 .5 1  x 10~3 1 .0 1
2 . 0  x 10“ 4 2 . 0 1  x 1 0 “ 3  1 . 0 0
1 .9 8  x 10“3 0 .9 9
i 3 . 0  x 10~4 2 .8 3  x 10~3 0 .9 4
3 .0 1  x 1 0 -3 1 .0 0
Thus kH+- can be quoted  a s  0 .9 9  ± 0 .0 9  M ^ s -1
TABLE 9 : 1 - <4-BR0M0PHENYL>- 2 , 5-DIMETHYLPYRROLE
[ HC11 /moldnr3 k / s -1 kt-WM-1 s -1
4 .0  x 10“4 7 .1 5  x 10~4 1 .7 9
7. 12 x 10“4 1 .7 8
5 .0  x 10"4 9 .9 5  x 10“4 1 .9 9
1 .0 3  x 10“3 2 .0 6
8 .0  x 1 0 -4 1 .4 6  x 10~3 1 .82
1 .5 2  x 10~3 1 .90
1 .0  x 10~3 1 .7 7  x 10“3 1 .77
1 .9 9  x 10~3 1 .99
Thus kH+- was found t o  be 1 .8 9  ± O .l  M“ 1s ~ 1
TABLE 10 : l-PHENYL-2,5-DIMETHYLPYRROLE
[ HC1]/moldnr3 k / s -1 kH+/M~'Is ” 1
2 .0  x 10“4 4 .2 9  x 10~4 2 .1 5
4 .6 7  x 10“4 2 ,3 3
5 .0  x 10“4 1 .2 0  x 1 0 -3 2 .4 0
1 .2 1  x 10“3 2 .4 2
7 . 5  x 10~4 1 .9 1  x 10“3 2 .5 4
1 .9 8  x 10~3 2 .6 4
1 .0  x 10-3  2 .6 7  x 10"3 2 .6 7
2 .6 5  x 10~3 2 .6 5
Thus kn+- was found t o  be 2 .5 5  ± 0 .3  1s - 1
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TABLE 11 : l~<4-METHYLPHENYL>-2,5-DIMETHYLPYRROLE
[ HC13/moldm"3 k / s " 1 kH-f/M"1 s~
1 .2 5  x 10~4 5 .3 5  x 10~4 4 .2 8
5 .3 8  x 10~4 4 ,3 1
2 .5  x 10“4 1 .0 5  x 10"3 4. 19
1 .0 7  x 10~3 4 .2 8
5 .0  x 10~4 2 .3 6  x 10~3 4 .7 2
CO to o X to o I & 4. 19
7 .5  x 10“4 3 .2 7  x 10"3 4 .3 6
3 .3 1  x 10"3 4 .4 2
D isreg a rd in g  th e a p p a r e n t ly er ro n eo u s  v a lu e  o f  4 .7 2 , km- i s  s e e n
t o  be 4 .2 9  ± 0 .1 M - ' s - ’ .
TABLE 12 : 1 - (4-HETHOXYPHENYL) - 2 , 5-DIMETHYLPYRROLE
[ HC1]/moldm-3 k / s “-1 k tW M -'s -
foT—tXoto 4. 17 X *1oto 4 .  17
4 .4 6 X 10“4 4 .4 6
2 .5  x 10~4 1. 13 X 10~3 4 .5 3
1. 15 X 10~3 4 .5 8
5 .0  x 10”4 2. 19 X 10 3 4 .3 8
2 .2 6 X 10-3 4 .5 3
2 .3 9 X IQ-3 4 .7 7
7 .5  x 10~4 3 .4 2 X IQ-3 4 .5 6
3 .2 9 X 10-3 4 .3 9
In t h i s  c a s e  th e  v a lu e s  o f  4 .1 7  and 4 .7 7  appear t o  be erro n eo u s  
and th e  o th er  v a lu e s  f a l l  in  th e  range 4 .4 8  ± 0 . 1  r ’ s ” 1 .
RESULTS OF DETRITIATIONS OF DI- AND TRI-SUBSTITUTED 
N-PHENYL-2,5-DIMETHYLPYRROLES
TABLE 13 : 1 - ( 2 ' , 4 ' -DIMETHYLPHENYL)- 2 ,  5-DIMETHYLPYRROLE :
[ HC13/moldnr3 k /s" '1 km/M "1
2 . 5  x 10“ 4 1 .6 1  x 10“3 6 .4 3
1 .6 2  x 10“3 6 .4 7
5 . 0  x 10"4 3 .2 7  x 10~3 6 .5 4
3 .2 5  x 10“3 6 .5 0
Thus k m  was found t o  be 6 .4 8  ± 0 . 1  M"~1 s'"1
TABLE 14 : 1 - < 2 * ,6 ' -DIMETHYLPHENYL)- 2 , 5-DIMETHYLPYRROLE :
[ HC13/m oldnr3 k / s -1 km/M-1
1 .0  x 10“4 6 .4 4  x 10~4 6 .4 4
6 .4 6  x 10~4 6 .4 6
2 . 5  x 10"4 1 .8 8  x 10“3 (7 .5 4 )
1 .7 2  x 10“3 6 .8 8
4 . 0  x 10“4 2 .6 7  x 10~3 6 .6 7
2 .5 8  x 10~3 6 .4 6
5 . 0  x 10'"4 3 .2 3  x 10~3 6 .4 6
3 .4 2  x 10“3 6 .8 3
D isr e g a r d in g  th e  v a lu e  o f  7 .5 4 ,  km- = 6 .6 0  ± 0 .2
TABLE 15 : 1 - ( 2 ' , 4 ' , 6 ' -TRIMETHYLPHENYL)- 2 , 5-DIMETHYLPYRROLE :
[ HC13 /m oldnr3 k / s ” 1 km/M” ''
1 .0  x 10~4 7 .6 0  x 10~4 7 .6 0
7 .7 3  x 10~4 7 .7 3
2 . 0  x 10~4 1 .58  x 10~3 7 .8 9
1 .63  x 10~3 8 .1 3
2 . 5  x 10"4 1 .90  x 10"'3 7 .5 8
1 .90  x 10“3 7 .6 1
5 . 0  x 10~4 4 .1 1  x 10“3 8 .2 2
4 .1 1  x 10"3 8 .2 2
km  was th u s  found t o  be 7 .8 9  ± 0 . 3  M-’ s'"’1
TABLE 16 : l - < 2 ' , 4 ' -DIMETHOXYPHBNYL)- 2 , 5-DIMETHYLPYRROLE :
CHC1]/moldm- 3  k / s " 1 W / M “ 1' s - 1
1 .0  x IO"4 4 .7 9  x 10"4 4 .7 9
4 .8 1  x IO"4 4 .8 1
2 . 0  x 10~4 9 .4 2  x 10"4 4.71-
9 .4 5  x 10“4 4 .7 3
2 . 5  x 10"4 1 .2 0  x 10“3 4 .7 9
1 .1 5  x 10“3 4 .4 4
5 . 0  x IO"4 2 .3 1  x IO"3 4 .6 3
The run a t  EHC13 = 5 . 0  x 10"4 M was a p r e l im in a r y  run and th e  
r a d i o a c t i v i t y  p r e s e n t  was v ery  low. D isre g a rd in g  t h i s  v a lu e  and th e  
c l e a r l y  erro n eo u s  v a lu e  o f  4 .4 4 ,  i t  i s  apparent t h a t  a l l  o th er  
r e s u l t s  f a l l  i n t o  th e  range 4 .7 1  -  4 .8 1 ,  th e  mean b e in g  4 .7 7  M"1s " 1
TABLE 17 : 1 - <3», 5 ' -DIMETHOXYPHENYL)- 2 , 5-DIMETHYLPYRROLE :
E HC13/moldm"3 k / s " 1 kH-+-/M-1 s " 1
2 . 0  x 10"4 5 .5 6  x 10"4 2 .7 8
5 .3 8  x 10"4 2 .6 9
5 . 0  x 10"4 1 .51  x 10"3 3 .0 2 *
1 ,4 4  x 10-® 2 .8 9
1 .0  x IO"3 2 .5 6  x 10"3 2 .5 6
2 .6 7  x 10"3 2 .6 7
* -  In t h i s  run, th e  r e a c t i o n  was o n ly  fo l lo w e d  f o r  one h a l f - l i f e  
and so  th e  kH+- v a lu e  was n o t  ta k en  i n t o  account when th e  mean 
was determ ined . The o th e r  f i v e  r e s u l t s  g iv e  kH-+- a s  2 .7 2  ± 0 . 2  M ^ s" 1
TABLE 18 : 1 - < 3 4 ' , 5 ' -TRIMETHOXYPHENYL)- 2 , 5-DIMETHYLPYRROLE :
EHC13/moldm"3 k / s " 1 W /M " '1 s " 1
5 . 0  x 10"4 1 .2 0  x 10“3 2 .4 0
1 .3 2  x 10"3 2 .6 5
1 .3 0  x 10"3 2 .6 0
1 .0  x 10"3 2 .5 2  x IO"3 2 .5 2
2 .5 2  x 10"3 2 .5 2
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Thus kH-«- was found t o  be 2 .5 4  ± 0 .2  M"1s " 1
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RESULTS OF DETRITIATIONS OF OTHER 
N-SUBSTITUTED 2 , 5-DIMETHYLPYRROLES :
TABLE 19 : l-BENZYL-2,5-DIMETHYLPYRROLE :
[H C l]/m oldnr3 k / s -1 kH+-/M“ 1s ~ 1
5 . 0  x 10“s  6 .3 5  x 10~4 12 .7
6 .6 9  x 10“4 1 3 .4
1 .0  x 10“ s  1 .3 5  x 10~3 I 1 3 .5
1 .3 8  x 10"3 1 3 .8
1 .5  x 10-5  2 .0 9  x 10~3 1 4 .0
2 .0 8  x 10 -*  : 1 3 ,9
2 . 5  x 10~s  3 .6 9  x 10~3 1 4 .7
3 .5 7  x 1 0 -3 1 4 .3
I n s p e c t io n  o f  th e  d ata  shows t h a t  a l l  but two o f  th e  r e s u l t s  
f a l l  i n t o  th e  range 1 3 .8  ± 0 .5  M ^ s ” 1 ,
TABLE 20 : 1 - (4-PYRIDYL)- 2 , 5-DIMETHYLPYRROLE ;
CHC1] /m oldnr3 k / s - 1 W / M ^ s " 1
0. 010 5 .3 3 X 10- s 5 .3 3 X IQ-3
5 .3 8 X 10-G 5 .3 8 X 10 -3
0 .0 5 0 2. 42 X 10~4 4 .8 4 X IQ-3
2. 46 X 10-A 4 .9 2 X 10-3
0. 075 3. 67 X 10-A 4 .8 9 X 10-3
3 .5 9 X 10~4 4 .7 8 X
?)1oH
Thus kH+- was found t o  be (5 .0  ± 0 .3 )  x 10“ 3 M"1©"1 .
TABLE 21 : 1-M0RPH0LIN0-2,5-DIMETHYLPYRROLE :
CHC1I /m oldnr3 k /s - ' 1 W / M “ 1s - 1
2 . 5  x 10~4 1 .1 3  x 1 0 -3 4 .5 3
1 .0 6  x 1 0 -3 4 .2 5
5. 0 x 10“4 2 .1 6  x 10“ 3 4 .3 1
From th e  v ery  l i m i t e d  number o f  runs ,  kH+ can be q uoted  a s
4 .4  ± 0 .2  H - ' s - 1 .
TABLE 22 : RESULTS OF DETRITIATIONS OF 2 , 5-DIMETHYLPYRROLE IN 
DMSO /  WATER MIXTURES WITH FIXED ACID CONCENTRATION 
(CH+3 = 5 . 7 2  x 10"4 M THROUGHOUT)
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Mole F r a c t io n  k / s ~ '  km/M "1 s"
o f  DMSO
0. 10 1. 12 X 10“* 1 9 .6
1. 05 X 10- a 1 8 .4
0. 15 3 .9 8 X 10~3 6 .9 6
3. 51 X IQ-3 6. 14
0 .2 0 3 .3 8 X 10-3 5 .9 1
3 .2 4 X IQ-3 5 .6 6
0 .3 2 2. 02 X IQ-3 3 .5 3
2. 05 X IQ-3 3 .5 8
0 .4 0 9. 67 X to o 1 ft 1 .6 9
1. 02 X ‘Tifor—f 1 .7 8
0 .5 0 4 .3 5 X 10-* 0 .7 6
3 .7 0 X 10~4 0 .6 5
0 .6 0 4. 03 X 10-* 0 .7 0
3 .7 5 X 10-* 0 .6 6
0 .7 0 3. 78 X 10"4 0 .6 6
3. 76 X 1 0 -4 0 .6 4
a c h ie v e d  u s in g  a c id  c a t a ly s e d  exchange. The r e l a t i v e l y  m ild  
c o n d i t i o n s  used  show t h a t  p y r r o l e s  are  amongst th e  most r e a c t i v e
o f  arom atic  compounds tow ards a c i d  c a t a ly s e d  exchange.
_  . . i
T rit iu m  m agnetic  re so n a n ce  s p e c t r a  have con firm ed  th a t  
l a b e l l i n g  o cc u r s  a t  o n ly  th e  u n s u b s t i t u t e d  p o s i t i o n s  o f  th e  r in g .  
The s p e c t r a  o f  a l l  but one o f  th e  2 , 5 -d im e t h y lp y r r a le  d e r i v a t i v e s  
have f e a tu r e d  j u s t  one 3 H s i g n a l ,  a t  a s h i f t  c o r resp o n d in g  t o  th e
0 - p o s i t i o n s  o f  th e  p y r r o le  r in g .  The e x c e p t io n  was l - O ' . S ' -  
d im eth o x y p h en y l)- 2 , 5 - d im e th y lp y r r o le  <5), th e  3H spectrum  o f  which  
showed an a d d i t io n a l  s i g n a l  a t  a s h i f t  co rresp o n d in g  t o  th e  ortho
( 2 ' , 6 ' )  p o s i t i o n s  o f  th e  phenyl r in g .  (Spectrum 5 ( c ) , p . 73)
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2.4 Discussion
The trltiation of pyrrole derivatives has been readily
The i n t e n s i t y  o f  th e  a d d i t i o n a l  peak was no more than  
1 - 2 %  o f  th a t  o f  th e  p r in c ip a l  one . and so  th e  t r i t i u m  in  t h i s  
p o s i t i o n  was o f  n e g l i g i b l e  s i g n i f i c a n c e  in  d e t r i t i a t i o n  ex p er im en ts .  
The r e s u l t  i s  n e v e r t h e l e s s  o f  i n t e r e s t  a s  i t  g i v e s  an id e a  o f  
th e  r e l a t i v e  r e a c t i v i t i e s  o f  th e  two r in g s .
The t r i t i u m  MMR spectrum  o f  l a b e l l e d ,  u n s u b s t i t u t e d  p y r r o le  
( l < c ) ,p . 6 9 > ,  f e a tu r e d  two s i g n a l s  corresp on d in g  t o  both  th e  a -  and 
^ - p o s i t i o n s  Qf th e  r in g .  The r e l a t i v e  i n t e g r a l s  gave an e s t im a t e  
o f  th e  d i s t r i b u t i o n  o f  t r i t i u m  a s  56% in  th e  a - p o s i t i o n s  and 
44% in  th e  J 3 -p o s i t la n s .
D e s p i te  th e  ap parent d i f f e r e n c e  in  th e  r e a c t i v i t i e s  o f  
th e  two p o s i t i o n s ,  no c u r v a tu r e  was seen  in  th e  p l o t s  In (CPM) 
a g a in s t  tim e f o r  th e  d e t r i t i a t i o n  o f  p y r r o le .  K in e t ic  runs  were 
c a r r ie d  out a t  r e l a t i v e l y  low  pH so  th a t  t im e i n t e r v a l s  were 
c o n v e n ie n t ly  s m a l l .  There e x i s t s  th e  p o s s i b i l i t y  th a t  a t  such a c i d  
c o n c e n t r a t io n s  th e  i n i t i a l  s t a g e s  o f  th e  r e a c t io n  may have e la p s e d  
b efo r e  th e  f i r s t  sample was removed and th a t  some cu rv a tu re  in  
th e  d e t r i t i a t i o n  p l o t s  may have been observed  i f  low er a c id  
c o n c e n t r a t io n s  had been used .
D e t r i t i a t i o n  r a t e  c o n s t a n t s  measured f o r  p y r r o le  and th e  
s im p le  a l k y l p y r r o le s  a re  g iv e n  below, to g e th e r  w ith  l i t e r a t u r e  pK«. 
v a lu e s .
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Compound 1 Measured pKa R eferen ce
W / M - 1s " 1
P y r r o le  0 .0 5 4  - 3 . 8  17
2 , 5 -D im e th y lp y r r o le  40 - 1 . 0 7  (J3) 16
1 , 2 , 5 -T r im e th y lp y r r o le  52 - 0 . 4 9  ($) 16
K ryp top yrro le  175 +3 .75  18
I t  can be s e e n  t h a t  t h a t  th e  measured d e t r i t i a t i o n  r a t e  
c o n s ta n t s  in c r e a s e  w ith  i n c r e a s i n g  b a s i c i t y  o f  th e  compounds a s  
measured by t h e i r  pKa v a l u e s .  However, th e  number o f  compounds 
i s  c l e a r l y  i n s u f f i c i e n t  f o r  any c o r r e l a t i o n  t o  be e s t a b l i s h e d .  
N e v e r th e le s s ,  t h e  d ata  may be compared t o  o th er  d e t r i t i a t i o n  data  
fo r  arom atic  com pounds.1 9 *20
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Compound lo g i a k m  <25°C) pK
G uaiazulene + 0 .79 + 1 .5
4 , 6 , 8 -T r im e th y la z u le n e +0 .6 0 + 0 .5
Azulene - 0 . 7 4 - 1 . 7
1 , 3 , 5 -T r ie th o x y b en zen e - 1 . 9 0 - 4 . 8
1 , 3 , 5-T rim ethoxybenzene - 2 .  21 - 5 . 7
1 , 3-Dim ethoxybenzene - 5 .  10 - 9 .  0
A n iso le - 8 . 8 - 1 5 . 3
P y rro le  - 1 . 2 7  - 3 . 8
2 , 5 -D im eth y lp y r ro le  +1 .60  - 1 . 0 7
1 , 2 , 5 -T r im e th y lp y r r o le  • + 1 .72  - 0 .4 9
K ryptopyrrole  + 2 .24  +3.75
A p lo t  o f  l o g i o k m  a g a in s t  pK v a lu e s  f o r  th e  l i t e r a t u r e
data i s  l i n e a r .  The r e s u l t s  f o r  p y r r o le  and k ry p to p y rro le  f i t  such
a p lo t  very w e l l .  Those f o r  2 , 5 -d im e th y lp y r r o le  and 1 , 2 , 5 - t r i -  
m eth y lp yrro le  appear t o  f a l l  somewhat above such  a l i n e .
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P lo t  o f  logiokhH- f o r  th e  D e t r i t i a t i o n  o f  V arious Aromatic  
Compounds A g a in s t  pK V alues
(1. p y r r o le ,  2. 2 , 5 -d im e t h y lp y r r o le ,  3 . 1 , 2 , 5 - t r im e t h y lp y r r o le ,
4. k r y p to p y r r o le )
The r e s u l t s  f o r  th e  p y r r o le  d e r i v a t i v e s  s t u d ie d  can n ot be 
compared d i r e c t l y  a s  d i f f e r e n t  numbers o f s i t e s  a re  e x c h a n g ea b le .  
However, when a s t a t i s t i c a l  c o r r e c t i o n  f a c t o r  i s  in tr o d u c e d  th e r e  
i s  l i t t l e  e f f e c t  on th e  p o s i t i o n s  o f  th e  p o in t s  in  th e  above  
p la t .  The r e s u l t s  f o r  2 , 5 -d im e th y lp y r r o le  and 1', 2 , 5 - t r i m e t h y l p y r r o l e  
s t i l l  show a d e v i a t i o n  from th e  l i n e .  N e v e r th e le s s ,  t h e s e  r e s u l t s  
do f o l l o w  th e  g en er a l  tr e n d  o f  in c r e a s in g  kH-+- w ith  i n c r e a s i n g  
b a s i c i t y  a s  measured by th e  pK v a lu e s .
The f a c t  t h a t  th e  p o in t s  f o r  p y r r o le  and k r y p to p y r r o le  
f i t  th e  above p l o t  s u g g e s t s  th a t  th e  g e n e r a l ly  a c c e p te d  A-Se-2
mechanism o f  exchange i s  in  o p e r a t io n ,  w ith  r a t e -d e t e r m in in g  
p r o to n a t io n  o f  th e  s u b s t r a t e .  T his  can be v i s u a l i s e d  f o r  p y r r o le s
a s  shown below.
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H30h H*0
T
H
H»0   ► + THaO-
C le a r ly ,  exchange a t  th e  a - p o s l t i o n s  o f  u n s u b s t i t u t e d  
p y r r o le  can o n ly  occur f o l lo w in g  a - p r o fa n a t io n .  For p r o to n a t io n  a t
e i t h e r  p o s i t i o n  th e  in t e r m e d ia t e  i s  drawn with  th e  p o s i t i v e  charge  
r e s i d i n g  on th e  p y r r o le  n i t r o g e n ,  a s  above. In th e  c a s e  o f  th e
2 , 5 - d im e t h y lp y r r o le s ,  p r o to n a t io n  a t  th e  a - p o s i t i o n s  a lm o st  c e r t a i n l y  
o cc u r s  w ith  g r e a t e r  fr eq u en cy  than p ro to n a t io n  a t  th e  )3 -p o s i t io n s ,  
but c l e a r l y  o n ly  th e  l a t t e r  can le a d  t o  exchange. The pKa v a lu e s
quoted  f o r  2 , 5 -d im e t h y lp y r r o le  and 1 , 2 , 5 - t r im e t h y lp y r r o le ,  - 1 . 0 7  and 
- 0 . 4 9  r e s p e c t i v e l y ,  are  th o s e  e s t im a te d  by Chiang and W hipple1 6 ' 17' 
f o r  p r o fa n a t io n  a t  th e  j3 -p o s i t io n .  The corresp o n d in g  v a lu e s  f o r  
a -p r o t o n a t io n  a re  - 0 . 7 1  and - 0 . 2 4  r e s p e c t i v e l y .
NMR ex p er im en ts  in  c o n c e n tr a te d  s u lp h u r ic  a c id  s o l u t io n  
have confirm ed  th e  o b s e r v a t io n s  o f  Chiang and W hipple1 6 ' 17 th a t
b o th  a -  and 0 -p r o to n a te d  forms o f  2 ,5 -d im e t h y lp y r r o le s  c o - e x l s t  in  
s o l u t i o n .  The p e r c e n ta g e s  o f  th e  two s p e c i e s  are  in  good agreement  
w ith  th e  p u b lish e d  d ata .  For 2 , 5 -d im e th y lp y r r o le  i t s e l f ,  67% oc- and
33% 0 -p r o t o n a t lo n  was found. The a d d i t i o n  o f  a phenyl s u b s t i t u e n t  
t o  th e  p y r r o le  n i t r o g e n  i n c r e a s e s  th e  amount o f  a -p r o t o n a t io n  to  
84%, and when th e  c o n ju g a t io n  i s  fu r t h e r  enhanced by th e  a d d i t io n  
o f  a p a r a - a c e t y l  group, i t  r i s e s  t o  o v er  90%. In th e  c a s e  o f  
1 - < 2 ' , 6 ' -d im e th y lp h e n y l ) - 2 , 5 -d im e t h y lp y r r o le  th e  amount o f  a -p r o to n a te d  
form was found t o  be o n ly  32%. The m ethyl s u b s t i t u e n t s  on th e
p henyl r in g  appear t o  h in d er  th e  s o l v a t i o n  o f  th e  a -p r o to n a te d  
s p e c i e s .  A lthough th e  r e s u l t s  o f  t h e s e  ex p er im en ts  have been v ery  
i n t e r e s t i n g ,  th ey  may not p a r a l l e l  beh av iou r  in  d i l u t e  aqueous  
s o l u t i o n s .  The d i s t r i b u t i o n s  o f  th e  a -  and 0 -p r o to n a te d  forms see n  
in  c o n c e n tr a te d  s u lp h u r ic  a c id  a re  u n l i k e l y  t o  be r e p r e s e n t a t i v e  
o f  r e a c t i v i t i e s  o f  th e  s i t e s  in  aqueous s o l u t i o n s .
The kH+- va lu e  measured f o r  1 , 2 , 5 - t r i m e t h y l p y r r o l e ,  52 M~1s ~ 1 ' 
i s  c o n s id e r a b ly  sm a l le r  than t h a t  quoted  by B u t le r  and A lexander21 
o f  210 M- 1 s - 1 . I t  was n o ted  t h a t  B u t le r  and A lexander c a r r i e d  out  
t h e i r  ex p er im en ts  a t  a f i x e d  i o n i c  s t r e n g t h  (0 .5  M KCl). In v iew  
o f  t h i s  some a d d i t io n a l  d e t r i t i a t i o n  ex p er im en ts  were perform ed a t  
such  an i o n i c  s t r e n g th .  The r e s u l t s ,  g iv e n  in  Table 3a, were not  
s i g n i f i c a n t l y  d i f f e r e n t  from th o s e  o b ta in e d  i n  th e  a b sen ce  o f  KCl. 
Thus th e  d isc rep a n cy  must r e s u l t  from th e  phosp h ate  b u f f e r s  used  
by B u t le r  and A lexander21 or th e  method used  t o  d eterm in e  kH-+-.
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o f  Ckoba, -  kHACHA3> a g a in s t  CH^3, where kHA£HA3 r e p r e s e n t s  th e  
c o n t r ib u t io n  t o  t h e  o v e r a l l  r a t e  made by u n d i s s o c ia t e d  a c id  in  
th e  b u f f e r .  I t  i s  perhaps a p o s s i b i l i t y  t h a t  i n  th e  b u f f e r  medium
p -p r o to n a t io n  i s  more fa v o u r a b le ,  l e a d in g  t o  a f a s t e r  ob served  r a t e
o f  ex ch a n g e .
D e t r i t i a t i o n  ex p er im en ts  w ith  2 , 5 -d im e th y lp y r r o le  in  DMSO; -
water m ix tu re s  showed t h a t  th e  a d d i t i o n  o f  DMSO cau sed  a sharp
d e c r e a s e  in  th e  r a t e  o f  exchange. Experim ents  o f  t h i s  k in d  were 
c a r r i e d  out i n  ord er  t o  t e s t  th e  p o s s i b i l i t y  o f  comparing r a t e s  
o f  exchange o f  h ig h l y  b a s i c  p y r r o le s  In th e  mixed s o l v e n t  system .  
The r a t e  o f  d e t r i t i a t i o n  o f  k r y p to p y r r o le  in  p u r e ly  aqueous a c id
was a t  th e  uppermost l i m i t  o f  r a t e s  m easurable by th e  s im p le
d e t r i t i a t i o n  t e c h n iq u e .  C onsequently  th e  r e s u l t s  were much l e s s  
c o n s i s t e n t  than  t h o s e  o b ta in e d  f o r  th e  l e s s  b a s ic  compounds. The 
ex p er im en ts  w ith  2 , 5 -d im e th y lp y r r o le  have shown t h a t  r a t e s  o f
exchange in  DMSO -  water m ix tu res  a re  v ery  much s lo w er ,  and. t h a t  
an e s t im a te  o f  th e  r a t e  in  p u r e ly  aqueous a c id  can be made by 
e x t r a p o la t io n  o f  a p l o t  o f  observed  r a t e  a g a in s t  mole f r a c t i o n  o f
DMSO. Runs were c a r r i e d  out over a range o f  mole f r a c t i o n s  w ith  
th e  c o n c e n t r a t io n  o f  HC1 f i x e d  a t  5 .7 2  x 10~4 moldnr3 . Measured r a t e
c o n s t a n t s  a re  l i s t e d  in  Table 22, and are  p lo t t e d  a g a in s t  DMSO
mole f r a c t i o n  in  th e  f o l l o w in g  graph.
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The value of 210 M”^ -1 was obtained from the gradient of a plot
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P lo t  o f  kot.ia/s"'1 A g a in st  Mole F r a c t io n  o f  DMSO fo r  D e t r i t i a t i o n  
o f  2 , 5 -D im e th y lp y r r o le  a t  F ixed  Acid C on cen tra t io n  (5 .7 2  x 10“4 M>
Mo J. <s* Fi'ftc: t. A or> f DMSO
The d e t r i t i a t i o n  o f  N -p h e n y l -2 ,5 -d im e th y lp y r r o le  d e r i v a t i v e s  
was found t o  be v ery  c o n v e n ie n t  t o  s tu d y .  The a d d i t io n  o f  an 
N-phenyl s u b s t i t u e n t  t o  2 , 5 - d im e t h y lp y r r o le  was found t o  reduce th e  
r a t e  o f  exchange by a f a c t o r  o f  around 15. By p rep ar in g  a s e r i e s  
o f  p a r a - s u b s t i t u t e d  compounds o f  t h i s  ty p e  i t  was found th a t
i
exchange r a t e s  co u ld  be v a r i e d  over  a range o f  0 .5  -  4 , 5  M“ 1s " 1 .
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Summary o f  D e t r i t i a t i o n  Rate C o n sta n ts  Measured For 
P a r a -S u b s t i tu te d  N -P h e n y l - 2 ,5 -d lm e t h y lp y r r o le s
-X
*NGs
-CN
-CFa
-COMe
-Br
-H
-Me
-OMe
Hammett o> 
C on stan t23
+ 0 .7 8  
+ 0.66  
+0.54  
+0 .50  
+0 .23  
0. 00 
- 0 .  17 
- 0 . 2 7
Measured Rate  
C onstant  
W / M - ' s - 1
0 .5 3
0 .7 2
1. 07
0 .9 9
1. 89
2 .5 5  
4 .2 9  
4. 48
lo g l  O (kunO
-0 .2 7 6  
- 0 .1 4 3  
0. 029 
0. 004 
0 .276  
0 .407  
0 .632  
0.651
P o in t  on 
Hammett 
P lo t  •
1
2
3
4
5
6
7
8
A p l o t  o f  th e  th e  lo g a r i th m s  o f  th e  measured r a t e  
c o n s t a n t s  a g a i n s t  s ta n d a rd  o> Hammett s u b s t i t u e n t  c o n s t a n t s 22 
r e s u l t e d  in  a s t r a i g h t  l i n e .  The g r a d ie n t ,  - 0 . 8 5  ± 0 .1 ,  i s  c o n s i s t e n t  
w ith  th e  developm ent o f  a p o s i t i v e  charge on th e  p y r r o le  n i t r o g e n  
in  th e  t r a n s i t i o n  s t a t e .  In a d d i t io n ,  th e  f a c t  th a t  th e  p l o t  i s  
l i n e a r  co n firm s  t h a t  th e  same mechanism i s  in  o p e r a t io n  fo r  each  
compound.
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P lo t  o f  logio<kH+) A g a in s t  Hammett o> Value f o r  th e  S e r i e s  
o f  E ig h t  Para- S u b s t i t u t e d  l - P h e n y l - 2 ,5 - d im e t h y lp y r r o le s
The g r a d ie n t  o f  a Hammett p lo t ,  p, i s  known a s  the  
r e a c t i o n  c o n s ta n t .  The magnitude o f  p r e f l e c t s  th e  change in  
ch arge  a t  th e  atom a t ta c h e d  t o  t h e  a ro m a tic  r in g ,  in  t h i s  c a se
th e  p y r r o le  n i t r o g e n .  I t s  s i g n  r e f l e c t s  th e  ty p e  o f  charge , p i s
p o s i t i v e  f o r  th e  b u i ld  up o f  a n e g a t i v e  charge  and n e g a t iv e  fo r
th e  b u i ld  up o f  a p o s i t i v e  ch a rg e ,  The r e a c t i o n  c o n s ta n t  o b ta in ed
in  t h i s  s tu d y ,  - 0 . 8 5  ± 0 .1 ,  s u g g e s t s  t h a t  th e  p o s i t i v e  charge i s
not f u l l y  l o c a l i s e d  on th e  p y r r o le  n i t r o g e n  i n  th e  t r a n s i t i o n
s t a t e  a s  th e  magnitude i s  l e s s  th a n  u n i t y .  A lthough n o t  s t r i c t l y  
com parable, i t  i s  o f  i n t e r e s t  t h a t  Tsuno e t  a l . 23 o b ta in e d  a very
s i m i l a r  p v a lu e ,  - 0 . 8 3 ,  from a s tu d y  o f  th e  d eco m p o s it io n  o f  a
s e r i e s  o f  co-d iazoacetophenones in  a c e t i c  a c id .
When th e  s tu d y  was e x ten d e d  t o  d e r i v a t i v e s  b ea r in g  more 
th an  one s u b s t i t u e n t  on th e  phenyl r in g ,  i t  was found than th e
a d d i t io n  o f  fu r t h e r  methyl groups f u r t h e r  in c r e a s e d  th e  r a te  o f  
exchange a t  th e  p y rro le  J 3 -p o s it la n .  The s tu d y  was r e s t r i c t e d  to
th e  a c t i v a t i n g  groups, methyl and methoxy.
Summary o f  D e t r i t i a t i o n  Rate C o n sta n ts  Measured For
D i-  and T r i - S u b s t i t u t e d  N - P h e n y l -2 ,5 -d im e th y lp y r r o le s
-1 0 7 -
D e r iv a t iv e  o f  kn^/M"1s " 1
2 , 5 -d im e th y lp y r r o le
l - ( 2 * , 4 ' - D i M e ) - 0 -  6 .4 8
l - ( 2 ' , 6 ' - D i M e ) - 0 -  6 .6 0
l - ( 2 '  , 4 ' , 6 ' -T r iM e )-0 -  7 .8 9
l - ( 2 '  , 4 1-DiMeO)-0- 4 .7 7
1 ~ ( 3 ' , 5 ' -DiMeO)-0- 2 .7 2
1— < 3 ' , 4 ' , 5 ’ -TriM eO )-0- 2 .5 4
1 - ( 2 ' , 4 ' ,  6 ' - t r i m e t h y l p h e n y l ) -  d e r iv a t iv e s  in d ic a t e  an a d d i t i v e  e f f e c t  
o f  ortho- and para-  m e th y l s u b s t i t u e n t s  on th e  o b s e rv e d  r a t e  :
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The results obtained for the 1-<2*,6'-dimethylphenyl)- and
The more l i m i t e d  num ber o f  k i n e t i c  ru n s  c a r r ie d  o u t f o r
1 - < 2 * , 4 ' - d im e th y lp h e n y l) - 2 ,  5 - d im e t h y lp y r r o le  gave an  a v e ra g e  kH+ v a lu e  
o f  6 .4 8  M r’ s” 1 , a ls o  c o n s is t e n t  w i th  t h i s  o b s e r v a t io n .
The r e s u l t s  f o r  1 - ( 2 ' , 4 ' -d im e th o x y p h e n y l) - 2 ,  5 - d im e t h y lp y r r o le  
and 1 - ( 3 ' , 5 * -d im e t h o x y p h e n y l ) - 2 ,5 - d im e t h y lp y r r o le  w ere o f  t h e  o rd e r  
e x p e c te d  i n  v ie w  o f  th e  r e s u l t s  o b ta in e d  f o r  th e  o th e r  N -p h e n y l-
2 , 5 - d im e t h y lp y r r o le  d e r iv a t iv e s .  T h a t f o r  th e  1 - ( 2 '  , 4 ' -d im e th o x y p h e n y l)  
d e r i v a t i v e ,  a kn+- o f  4 .7 7  r e f l e c t s  a s m a ll a c t i v a t i n g  e f f e c t
o f  th e  o r th o -m e th o x y  g ro u p , w h i le  th e  kH+- o f  2 .7 2  m easured
f o r  th e  l - < 3 ' , 5 ' -d im e th o x y p h e n y l) -  d e r i v a t i v e  in d ic a t e s  t h a t  meta- 
m ethoxy s u b s t i t u e n t s  have v e r y  l i t t l e  a c t i v a t i n g  e f f e c t .
The k h + v a lu e  o f  2 .5 4  H ~1s “ 1 m easured f o r  1 - ( 3 * , 4 ' , 5 * - t r i -  
m e th o x y p h e n y l)- 2 , 5 - d im e t h y lp y r r o le  was p e rh a p s  th e  m ost s u r p r is in g  o f  
a l l  th e  r e s u l t s .  C o n s id e r in g  th e  r e s u l t s  f o r  1 - < 4 ~ m e th o x y p h e n y l> -2 ,5 -  
d im e t h y lp y r r o le  (4 .4 8  M -’ s” 1 ) and  1 - ( 3 ' , 5 ' -d im e th o x y p h e n y l) - 2 , 5 -d im e th y l­
p y r r o le  ( 2 .7 2  M "1 s” 1 ) ,  a r a t e  c o n s ta n t  o f  4 .5  -  5 .0  M'_1s “ ', m ig h t have  
been  e x p e c te d  i f  th e  e f f e c t s  o f  t h e  t h r e e  m ethoxy g ro u p s  w ere
a d d i t i v e .  H ow ever, th e  o b s e rv e d  r a t e  c o n s ta n t  was fo u n d  t o  be le s s
th a n  t h a t  m easured f o r  th e  l - ( 3 *  , 5 ' -d im e th o x y p h e n y l) -  d e r iv a t iv e .  A 
p o s s ib le  e x p la n a t io n  o f  t h i s  o b s e r v a t io n  i s  t h a t  s t e r i c  in t e r a c t io n
b e tw een  th e  a d ja c e n t  m ethoxy s u b s t i t u e n t s  fo r c e s  them  t o  a d o p t  
p o s i t io n s  o u t o f  th e  p la n e  o f  th e  p h e n y l r in g .  In  such  p o s i t io n s
c o n ju g a t io n  o f  th e  oxygen lo n e  p a i r s  w i t h  th e  m -sys tem  may n o t  
be p o s s ib le .  U nder th e s e  c ir c u m s ta n c e s , th e  n e t  e f f e c t  w ou ld  be 
s l i g h t l y  d e a c t iv a t in g  ow ing t o  th e  e l e c t r o n e g a t i v i t y  o f  oxygen .
C h la n g  e t  a l . 34 a ls o  d e te rm in e d  pKa v a lu e s  f o r  some 
N - p h e n y l - 2 ,5 - d im e t h y lp y r r o le s .  F o r  1- p h e n y l - 2 , 5 - d im e t h y l p y r r o le  v a lu e s  
o f  - 2 . 3 0  and - 3 . 0 0  w ere d e te rm in e d  f o r  a -  and J 3 -p ro to n a tio n
r e s p e c t i v e ly .  S i m i l a r l y ,  f o r  1 -  ( 2 1 , 6 ' - d im e t h y lp h e n y l ) - 2 , 5 -d im e t h y lp y r r o le  
v a lu e s  o f  - 3 . 9  and - 3 . 6  w ere  o b t a in e d .  I f  such  v a lu e s  a r e  p la t t e d
a g a in s t  lo g i  okH+- in  th e  g ra p h  on p . 1 0 0 , th e  p o in t s  f a l l  w e l l  
above th e  l i n e  draw n.
- 1 0 9 -
- 1 1 0 -
Summary of Detritiation Rate Constants Of
Other F-Substituted 2,5-Dimethylpyrroles
F - S u b s t i t u e n t k H i7 M "1s ~ 1
B e n z y l- 1 3 .8
P y r i d y l - 5 x 10“ 3
M o rp h o lin o - 4 .4
The Rhm- v a lu e  f o r  exch ang e  a t  l - b e n z y l - 2 ,5 - d l m e t h y l p y r r o l e  
i s  seen  t o  be in t e r m e d ia t e  b e tw e e n  th e  v a lu e s  o b ta in e d  f o r
1 , 2 , 5 - t r im e t h y lp y r r o le  and l - p h e n y l - 2 ,5 - d i m e t h y lp y r r o l e .
F - S u b s t i t u e n t W / M - ’ s - 1
M e t h y l - 52
B e n z y l- 1 3 .8
P h e n y l- 2 .5 5
T h is  i s  p e rh a p s  w hat one w o u ld  e x p e c t in  v ie w  o f  th e  
s t r u c t u r e  o f  th e  b e n z y l g ro u p ; th e  p h e n y l r i n g  e x e r t in g  some o f  
i t s  d e a c t iv a t in g  in f lu e n c e  th ro u g h  th e  m e th y le n e  u n i t .  The p h y s ic a l  
p r o p e r t ie s  o f  th e  1 -b e n z y l d e r i v a t i v e  w ere  a ls o  fo u n d  t o  be 
in te r m e d ia te  b e tw een  th o s e  o f  th e  1 -m e th y l and 1 -p h e n y l a n a lo g u e s ,  
f o r  exam ple  m e lt in g  p o in t  an d  s u s c e p t i b i l i t y  t o  a e r i a l  o x id a t io n .
The d e t r i t i a t i o n  o f  1 - ( 4 - p y r id y l> ~ 2 ,5 - d i m e t h y l p y r r o le  was 
fo u n d  t o  be s lo w e r  th a n  t h a t  o f  th e  l - p h e n y l - 2 ,5 - d i m e t h y lp y r r o l e s  
by a f a c t o r  o f  103 , r e f l e c t i n g  th e  e x p e c te d  p r e fe r e n c e  f o r  
p r o to n a t io n  a t  th e  p y r id in e  n i t r o g e n .
The v a lu e  o f  4 .9  x 10~3 c a n n o t be c o n s id e re d  as
p r e c is e  as th e  t r i t i u m  NMR s p e c tru m , ( 7 ( c ) ,  p . 7 5 ) ,  in d ic a t e d  th e  
p re s e n c e  o f  a  t r i t i a t e d  im p u r i t y .  C lo s e  in s p e c t io n  o f  th e  s p e c tr a  
re p ro d u c e d  on p . 75 shows t h a t  a seco nd  s e t  o f  s ig n a ls  i s  p re s e n t  
i n d ic a t in g  c o n ta m in a t io n  by a fe w  % o f  a n o th e r  N - a r y l - 2 ,5 - d i m e t h y l ­
p y r r o le .  The f a c t  t h a t  th e  l e v e l  o f  c o n ta m in a t io n  a p p e a rs  t o  be 
g r e a t e r  in  th e  t r i t i u m  s p e c tru m  s u g g e s ts  t h a t  th e  im p u r i t y  may be
somewhat more r e a c t iv e  th a n  1 - ( 4 - p y r i d y l ) - 2 , 5 - d im e t h y lp y r r o le .
The p re s e n c e  o f  a t r i t i a t e d  im p u r i t y  was m a n ife s te d  as  a
s l i g h t  c u r v a tu r e  in  th e  d e t r i t i a t i o n  p l o t s .  N e v e r th e le s s ,  th e  f a c t  
t h a t  th e  p y r id y l  s u b s t i t u e n t  s lo w s  exch an g e  b y  a f a c t o r  o f  103 
i s  u n q u e s t io n a b le . I t  i s  p o s s ib le  t h a t  th e  o b s e rv e d  r a t e  o f  
exchange may n o t  be l i n e a r l y  r e l a t e d  t o  th e  a c id  c o n c e n t r a t io n
f o r  t h is -  compound and t h a t  d e t r i t i a t i o n  d oes  n o t  o c c u r b e lo w  a
c e r t a in  th r e s h o ld  v a lu e . In  o r d e r  t o  e x p lo r e  t h i s  p o s s i b i l i t y ,  
k i n e t i c  ru n s  a t  lo w e r  a c id  c o n c e n t r a t io n s  w ere c a r r ie d  o u t , b u t  
t im e  i n t e r v a l s  betw een  sam p les  became in c o n v e n ie n t ly  la r g e .  In  th e
e x p e r im e n ts  p e rfo rm e d  no change i n  th e  v a lu e  o f  kH+ was d e te c te d .
The compound i s  c e r t a in  t o  be p r o to n a te d  a t  th e  p y r id in e  n i t r o g e n
in  a c id  s o lu t io n ,  and so f o r  d e t r i t i a t i o n  t o  o c c u r a t  th e  p y r r o le
r in g  a d o u b ly  p ro to n a te d  in t e r m e d ia t e  may be p o s t u la te d .
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The r a t e  o f  exch ang e  m easured  f o r  l - m o r p h o l in o - 2 ,5 - d im e t h y l  
- p y r r o l e  was fo u n d  t o  be o f  th e  same o rd e r  a s  th o s e  o b ta in e d  
f o r  th e  N -p h e n y l d e r iv a t iv e s .  Thus i t  can  be c o n c lu d e d  t h a t  
c o n ju g a t io n  o f  th e  n -s y s te ra  o f  th e  p y r r o le  r i n g  w i th  a  second  
n it r o g e n  a tom  h as  a s i m i l a r  d e a c t iv a t in g  e f f e c t  as  c o n ju g a t io n  
w ith  a p h e n y l r in g .
T h is  s tu d y  o f  I f - s u b s t i t u t e d  2 , 5 - d im e t h y lp y r r o le s  can  be 
r e l a t e d  t o  th e  w o rk  o f  Salm on e t  a l . 2S who fo u n d  t h a t  Hammett 
s u b s t i t u e n t  c o n s ta n ts  w ere  r e l a t e d  t o  th e  e l e c t r i c a l  p r o p e r t ie s  o f  
p o ly p y r r o le  f i lm s  made fro m  s u b s t i t u t e d  N -p h e n y lp y r r o le  monomers.
Such f i lm s  w ere l in k e d  a t  th e  a - p o s i t i o n s ,  so e f f e c t s  s e e n  in
2 , 5 - d is u b s t i t u t e d  p y r r o le s  s h o u ld  a p p ro x im a te  t o  th o s e  seen  in  th e  
p o ly m e rs . In  c o n c lu s io n , i t  ca n  be s a id  t h a t  a lth o u g h  th e  r e s u l t s  
o f t h i s  s tu d y  w ere i n  some c a s e s  p r e d ic t a b le ,  once th e  t r e n d s  had  
been e s ta b l is h e d ,  an in c r e a s e d  kn o w led g e  o f  th e  s t r u c t u r e - r e a c t i v i t y  
r e la t io n s h ip s  o f  p y r r o le  d e r i v a t i v e s  s h o u ld  be o f  i n t e r e s t  to  
th o s e  e n d e a v o u rin g  t o  p ro d u c e  u s e fu l  p o ly p y r r o le s .
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